PROCEEDINGS 


OF THE 

NATIONAL ACADEMY OF SCIENCES, INDIA 

i960 

VOL. XXX SECTION— B f ART II 



NATIONAL ACADEMY OF SCIENCES, INDIA 
ALLAHABAD 


THE NATIONAL ACADEMY OF SCIENCES, INDIA 

{Registered under Act XXI of 1860) 

Foianded 1939 

Council for 1960 

President 

Dr. M. S. Randhawa, M.Sc., D.Sc., F.N.L, F.N.A.Sc., I.G.S., New Delhi 

Vice-Presidents 

Prof. K. Banerjee, D.Sc., F.N.I., F.N.A.Sc*, Calcutta 

Prof. P. S. Gill, M.S., Ph.D., F.A.P.S., F.N.L, F.N.A.Sc., Aligarh 

Honorary Treasurer 

Prof. S. Ghosh, D.Sc., F.R.I.G., F.N.L, F.N.A.Sc., Allaliabad 
Foreign Secretary 

Prof, B. N. Prasad, Ph.D., D.Sc., F.N.L, F.N.A.Sc., Allaha1):ul 


General Secretaries 

Dr. R. N. Tandon, M.Sc., Ph.D., D.LG., F.A.Sc., F.N.A.Sc., Allaluihad 
Dr. K. N. Mathur, D.Sc., F.lnst.P., F.N.A.Sc., New Dcllii 

Members 

Prof. N. R. Dhar, D.Sc., F.R.I.G., F.N.L, F.N.A.Sc., Allahabad 
Prof. A. K. Bhatcacharya, D.Sc., F.R.I.G., F.N.A.Sc., Sagar 
Prof. S. Ranjan, M.Sc., D.Sc.. F.N.I., F.N.A.Sc., Allahabad 
Dr.K. S. Krishnan, D.Sc., F.R.S., F.N.L, F.N.A.Sc., New Delhi 
Prof. P. L. Srivastava, M.A., D.Phil., F.N.L, F.N.A.Sc., AUahal)ad 
Dr. L. A. Ramdas, M.A., Ph.D., F.N.L, F.N.A.Sc., New Delhi 
Prof. M. D. L. Srivastava, D.Sc., F.N.A.Sc., Allahabad 
Dr. S. H. Zaheer, M.A., Dr. Phil. Nat., F.N.A.Sc., iIydcral)ad-Du. 

Dr. A. C. Joshi, D.Sc., F.N.L, F.N.A.Sc., Sulaa 


The Procedings of the National Academy of Sciences^ India^ is published in two sections : Section A 
(Physical Sciences) and Section B (Biological Sciences). Four parts of each section arc puhlhlietl 
annually (Since 1960). 

The Editorial Board in its work of examining papers received for publication k assisted, in an 
honorary capacity, by a larpe number of distinguished scientists. Paper arc accepted from n embers 
of the Academy in good standing. In case of a joint paper, one of the authors must be a member of 
the Academy. The Academy assumes no responsibility for the statements and opirnons ailvauced 
by the authors. The papers must conform strictly to the rules for publication of papers in the Proceed- 
ings, A total of 50 reprints are supplied free of cost to the author or authors. The authors may 
have any reasonable number of additional reprints at cost price, provided they give prior intimation 

while returning the proof. 

Communications regarding contributions for publication in the Pmedinge, books for revie w 
subscriptions etc., should be sent to the General Secretary, National Academy of Sciences Inclk ’ 
■Lajpatrai Road, Allahabad-2 (India). ^ ' * 

Annual Subscription for both Sections : Rs. 65 ; for each Section : Rs. 35 
(including Annual Number) : Single Copy ; Rs. 7 50 ; Annual Number Rs. 5 



PROCEEDINGS 

OF THE 

NATIONAL ACADEMY OF SCIENCES, INDIA 

i960 


VOL. XXX SECTION— B 


STUDIES ON STAPHYLOCOCCI WITH PARTICULAR REFERENCE TO 
STRAINS FROM BOVINE UDDER 

I. — Biochemical activities* 

By 

B. S. MALIK, B.V.Sc. A.H., M.V.Sc.; and C. M. SINGH. M.Sc., Ph.D. 

Department af Pathology and Bacteriology^ U. P, College of Veterinary Science and 
Animal Husbandry, Mathura 

[Received on 10th November, 1959] 

Various authors tried to differentiate pathogenic and non-pathogenic strains of 
Staphylococci on the basis of reactions shown by them in certain media. Gordon 
(1903-4), was first to differentiate strains from pathological sources on the basis of 
mannitol fermentation. Later on Hine (1922), Dudgeon and Simpson (1928), 
Hallman (1937), Julianeile (1937), Flaum (1928) and others confirmed the value of 
mannitol fermentation in differentiating pathogenic from non-pathogenic strains. 
Winslow et aL (1920) on the other hand reported lactose fermentation a more useful 
guide for the differentiation of pathogenic strains of this organism. Most of the 
workers considered all other sugars to be less reliable and noted, that very few sugars 
agree in giving identical reactions, although pathogenic strains on the whole had 
greater fermentative capacity than non-pathogenic strains. 

The utility of various other substances was less marked in differentiating 
pathogenic and non-pathogenic strains of Staphylococci. Changes in litmus milk 
were studies by Dudgeon (1908), Winslow et aL (1920), Dupont (1931), Minett 
(1936), Cruickshank (1937), Smith (1947) and Schato and Woods (1953) and found, 
no definite correlation between these two types of strains. 


PARIi^ 




■^This paper is a purtion of the research work carried out by B. S. Malik in partial fulftlmcnt ol 
the requirements for the degree of M.V.Sc. in Advanced Bacteriology ol the Agra University. 
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Gupta and Ghakravarti (1954), observed an absolute correlation between 
Methyl Red (M.R.) and Voges-Proskauar (V.P.) tests among 400 strains ol’ Stapliy- 
lococci but found no absolute relation with their pathogenicity. 

Andrewes and Gordon (1905-6), reported H^S production in smaller qnantitii-s 
by pathogenic Staphylococci than by non-pathogenic ones. 

Hucker (1924), noted the power of nitrate reduction more in aureus strains 
than albus strains. 

Fusillo and Jaffurs (1955), found negative correlation between coagulase and 
urease production of Staphylococci except in few instances. 

Barber «i! a/. (1951) anh Barber and Kuper (t951) found a close correlation 
between coagulase production and phosphatase production among different strains 
of Staphylococci which was conhrmed by Ghiarolanza (1954) and Lovell (1<)5B) 
Gupta and Chakravati (1954), on the other hand did not find alrsolute correlation 
between coagulase and phosphatase tests. 

Gelatin liquefaction test also gave variable results in the liands of different 
workers, although pathogenic strains possessed most of the capacity. 


MATERIALS AND METHODS 

Sirains.~Om hundred and seventy eight strains of Staphylococci, comprising 
167 from bovine normal and abnormal milk samples, 10 from caprim. mast ills e.as<'s 
% 1 case of ovme abscess, were studied. Oftliese 125 strains were 

isolated at Mathura, 15 were obtained from Lucknow, 29 were r(tC(‘iv(‘(l froni 
Madras and rest 9 were supplied from Calcutta. On the liasis of jiignumt riroduc- 
tion* 53 strains were golden yellow, 10 off-coloured, 87 white and 28 lemon yldlow. 

. all, 20 substrates as indicated in table I were te.sted 

Strains were grown in peptone water containing 1% of the substtme^ and Audrmle’.s 
indicator. Ihe results were noted daily for three days at 37' LI. 

Changes in Litmus dtom 

thrl^davr^^d Incubation was ^ 

photphatipis wattr' 5 drop," of red sXtiot'J.Sf R,’” 

colour was taken as positive and yellow as negative. ^ ^ctl 

dSs/rSS"" as eded l.y Wil™ „„d Milos 

lion ““lilica- 

and yellow as negative. ® was taken as po.siilve 


coDsideSd ™!Xsandchreu“mpw^ l««nou yellow .siraias were 
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Hydrogen sulphide Cultures were grown on liver agar slants, with a strip of 
filter paper soaked in 10 % lead acetate solution attached in between the cotton 
plug and the tube. Browning or blackning of the paper was taken as positive. 

Nitrate reduction. — Strains were tested in potassium nitrate medium after 
growing for three days at 37° G, with reagents recommended by Griess Ilosvav 
(Wilson and Miles, 1955.) 

Urea hydrolysis.’-^\Jvt?iSt test was read in the medium as recommended by 
Merchant and Packer (1956). Readings were recorded at 24 hourly intervals till 
the third day. 

Methylene blue reduction. — Tested on a 24 hour broth culture at 37° G aftet 
adding one drop of 1 % acquous methylene blue solution. The cultures were 
further incubated at 37^ G and results noted. Decolorization of the culture was 
indication of positive result. 

Phosbhatase iesL — One per cent phenolphthalein diphosphoric acid was steri- 
lized by Seitz filtration. One ml. quantity of this solution was added to each 99 
ml. of melted nutrient agar to give a final concentration of 0 01 %. Plates were 
poured and streaked after drying the surfaces. After 24 hour incubation at 37° G 
the colonies of positive strains turned pink when exposed to ammonia vapours. 

Gelatin liquefaction. — Two drops of each of the 18 hour broth cultures were 
added in gelatin medium (20 %). The tubes were incubated at 37° G for ’seven 
days. The liquefaction was recorded after leaving the tubes at 4° G along with 
uninoculated control for half an hour. Tubes showing no solidification of the 
medium were indicative of positive results. 

RESULTS 

Most of the bovine strains tested, produced variable fermentation reactions in 
different sugar media. Rhamnose, dulcitol and adonitol were not fermented bv 
any strain. Arabinose, xylose, raffinose and inositol were fermented by occasional 
strain. The capacity of the strains to ferment salicin was also very limited 
Glucose, fructose, galactose, mannose, lactose, sucrose, inulin, mannitol and 
maltose were fermented by most of the strains (Table I). 

Most of the aureus strains fermented mannitol within 24 hours. Albus and 
citreus strains fermented this substance to a lesser extent, but with an increased 
period of incubation the number of positive reactions increased to a considerable 
extent. 

None of the caprine strains fermented arabinose, rhamnose, xylose, inositol 

adonitol, dulcitol, salicin and raffinose. Only one strain fermented dextrin and all 
strains fermented mannitol, glucose, lactose, inulin, galactose, mannose, fructose 
and trehlose. Only two of the caprine strains fermented maltose. 

Out of 137 bovine strains tested in litmus milk, 18 (13 %), produced acid • 2 
(T4 %) acid and clot ; 103 (75*2 %), acid, clot and reduction ; 2 (1*4 %), alkalinity 
and 5 (3*7 %), alkalinity and Peptonization. Practically all clots contracted and 36 
out of these expressed clear whey at the tops of the clots or on the sides. In most 
of the tubes reactions changed to acid side within first 24 hours and clots were 
formed within next twenty-four hours of incubation. Practically all types of 
changes were noticed but the most abundant type being acid, clot and reduction. 
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The correlation of pigment production and changes produced in litmus milk an- 
shoitJii in table II below. 


I WULli I 


Bovine strains shoimng correlation of pigment production and sugar Jormcnlatvms 


Substances 


Arabinose 

Xylose 

Rhamnose 

Glucose 

Fructose 

Galactose 

Mannose 

Maltose 

Lactose 

Sucrose 

Trehlose 

Raffinose 

Inulin 

Dextrin 

Mannitol 

Diilcitol 

Inositol 

Adonitol 

Sarbitol 

Salicin 


Aureus Albu.s 


+ 



+ 

— 

-1- 

— 

3 

50 

7 

79 

0 

23 

2 

51 

3 

83 

0 

28 

0 

53 

0 

8G 

0 

28 

51 

2 

60 

3 

25 

3 

52 

1 

•G1 

2 

25 

3 

52 

1 

59 

3 

21 

7 

52 

1 

G1 

1 

23 

5 

51 

2 

GO 

2G 

7 

21 

51 

2 

48 

15 

\\\ 

10 

52 

1 

G1 


25 

3 

19 

0 

41 

2G 

l(> 

8 

0 

53 

2 

55 

1 

27 

51 

2 

47 

G 

23 

5 

38 

15 

39 

24 

19 

9 

47 

G 

Gl 

25 

25 

3 

0 

53 

0 

8G 

0 

28 

0 

53 

1 

iVl 

1 

27 

0 

53 

0 

G3 

0 

28 

37 

IG 

IB 

45 

3 

25 

5 

48 

5 

58 

0 

28 


= Acid but no gas. 
— = No reaction. 


rAULE n 


Bovine strains showing correlation of pigment production and chantj^s in the lilnins milk. 



Changes 


Pigment 

N A 

A. C. A. 

. G. R. Al. AL P. Toud 

Aureus 

1 2 

1 

45 . . . . 4'.) 

Albus 

2 6 

, . 

46 1 5 60 

Gitreus 

4 10 

1 

12 i .. 28 

N 

== No change. 

A. C. R. 

" Acid, clot and Reduction. 

A 

- Acid. 

Al. 

== Alkalinity. 

A.G. 

= Acid and Clot. 

Al. P. 

— Alkalinity and pepiouizutlon. 
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It is observed from table 11 that the percentage of intensity of reactions 
decreased gradually from aureus strains to citreus. No alkaline reaction was shown 
by any of the aureus strains ; five of the albus strains showed alkalinity and pepto- 
nization. ^ ^ 

Among caprine strains, 9 showed acid, clot and reduction and expressed clear 
whey on the tops of the clots. The remaining one strain showed acid reaction only. 
Solitary strain of ovine origin showed acid, clot and reduction. 

Out of 113 strains tested for M. R. test, 126 (83T %), gave positive and 17 
(11*9 %) negative results. Aureus strains possessed highest and citreus lowest 
capacity to show M. R. positive reaction (Table III). 


TABLE III 

Strains showing correlation of biochemical reactions and pigment production 


Pigment M.R, V.P* Indole 


+ - + 


JL 


c3 g 

*S -2 

< ft 


2 ^ 

^•2 


V 


ce o 

U 


cS 

Ho 

P ^ 


(U I 

a 2 

^ r3 

d) 

rd 'M 

5 3 « 

S |.2 

PP -M 


4i» ^ 

.a "O 
PU g 
w « 
o ^ 

S -2 


U O 

Oft •= 


+ 


Aureus 48 1 45 4 0 49 25 2 17 32 48 1 47 2 49 0 45 8 50 

Off- 82 820 10 55 82 10 0 10 0 91 82 10 03 

coloured 


Albus 52 4 52 4 0 56 1 55 53 3 40 16 37 19 51 5 35 51 53 33 

Citreus 18 10 15 13 0 28 2 26 26 2 25 3 21 7 25 3 10 18 17 11 


Out of 143 strains, 120 (83-9 %) gave V. P. positive reaction. In this test 
also the capacity of acetyl methyl carbinol production was possessed highest by 
aureus strains. The corre lation of M. R. and V. P. reactions was 95 %. All the 
143_ strains under study were negative to indole test. Only 33 (23T %),°out of 143 
strains liberated ammonia. About half of the aureus and off-coloured strains gave 
spositive test. H^S production was shown more regularly by albus and citreus 
strains. Nitrate was reduced to nitrite by 86% of the strains. Nineteen out of 2o 
negative strains were from the albus and citreus strains. 

Out of 143 strains, 115 (80'4 %), produced urease. All caprine strains were 
positive to this test. The reaction and percentage of positive strains increased with 
the length of incubation period. Ninety three per cent of the strains tested gave 
methylene blue reduction test. 

Out of 177 strains tested for phosphatase production, 98 strains (55‘4 %), gave 
positive reaction. Although most of the aureus strains possessed this property yet 
to a lesser extent albus and citreus strains also gave positive reaction. 

Gelatin liquefaction was shown by 130 strains (73-4 %), out of a total of 167 
strains. Out ol 50 aureus strains 47 liquafied this substance. All the caprine 
strains gave positive results more quickly. 
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The correlation of biochemical tests and pigment production is shown in 
table III above. 

. DISCUSSION 

Because of notorious diversity, fermentation reactions served no useful puipose 
in classifying this organism. Various workers stressed the importaaoc ol’ manuitol 
and lactose fermentation in distinguishing pathogenic from nou-patliogeulc stniins. 

In this study, although majority of the aureus strains Icrmcuted aiaimitol 
(88‘7 %) and lactose (96-2 %), yet these substances were also acted upon !)y a good 
number of albus and citreus strains as well. (Table I). Cowan (1938), reported 
94 % and 68 % correlation between golden yellnw pigment and mannitol iermenta- 
tion with human and animal strains respectively. Gwatkin (1937) found only 190 
udder Micrococci, out of a total of 275 pathogenic ones fermenting mannitol. The 
results of Smith (1947) and Nakagawa (1958), with animal strains also indicated 
mannitol^ fermentation to be less reliable in distinguishing patliogcnic from non- 
pathogenic strains. Hence the significance of mannitol fermentation with regard 
to animal strains seems to be ambiguous. 

Similarly the reliability of phosphatase test (Gupta and Chakravarli 1<)54) 
and Gelatin liquefaction (Edwards and Rippon, 1957) in dilfercntialing pathogenic 
from non-pathogenic strains was doubtful. In the i)re.sent investigation" in addition 
to aureus strains, quite appreciable number of albus and citreus stnuns also gave 
positive phosphatase test and liquefied gelatin which proved uur(dial)ility (»i’ these 


Gupta and Chakravarti (1954) found an absolute correlation l)etwcen M. R. 
and V. P. tests. These authors indicated that production of acetyl methyl carldnol 
did not appear to be enough to neutralize the acidity produced and pH is main- 
tained at a level where M. R. test is given. The correlation of M R and V P 
tests (Table III) in this work is found to be about 95 which is very ntmr to Un- 
results of Gupta and Chakravarti. *' 

firmeJ*^^ findings of Hucker (1924), with regard to HaS production arc also con- 

H aureus strains are also in conformitv with 

Hucker (1924), but the results obtained with albus strains (40 %) arc higher. 

Fusillo and Jaffurs (1955), found negative correlation Ix-iw.-.-n . i 

urease production. In the present study majority of the striins w 

urease test. ^ ^ i oi ino strains were positive to 

The changes in litmus milk were in agreemenr wo i, . 

exeeptinv few variatir.no mv. c ^ ■ with many other workers 

by Winslow et al. (1920). was not ^bserted. -'icid clots, descrilied 

SUMMARY AND CONCLUSIONS 

Various biochemical studies were mrrifrl mii- „ no 
normal and abnormal milk samnles of ho, Un o^ a ^ scrams isolated from 

ovine abscess), representing different nvtT T (‘«‘c IVom a case of 

golden yellow, 10 off-coLred, 87 ihi e and^ re?t‘ bi? ‘ i'? 

-gars tested, rhamnose, dulcitol and abdon-toTterno^? tr/tSTy 
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arabinose. xylose, raffinose, inositol and salicin were fermented by occasional strain; 
glucose, fructose, galactose, manncse. lactose, sucrose, inulin, mannitol, and maltose 
were fermented by most of the strains. The correlation of aureus coloured strains 
with mannitol and lactose fermentation was 88’7 % and 96‘2 % respectively but 
the value of these substances in differentiating pathogenic from nompathogenic 
strains, is doubtful, because an appreci able number of albus and citreus strains 
(coagulase negative) also fermented these sugars. Changes in litmus milk and other 
tests like M. R., V. P., ammonia production, nitrate reduction and Urea hydrolysis 
were given to a greater extent by aureus strains and the percentage decreased 
gradually towards albus and citreus strains. The realiability of Phosphatase test 
and gelatin liquefaction was also not substantiated. A positive correlation between 
M. R. and V. P. tests has been confirmed. The capacity of H^S production was 
observed more in albus strains than in aureus ones. 

acknowledgment 

The authors are grateful to the Principal C. V. G. Ghoudary, for providing 
facilities to carry out the work. Supply of some of the strains by Sri Balprakasham 
Mastitis Officer, Madras Veterinary College, Madras ; Sri M. S. Das, Professor of 
Bacteriology and Preventive Medicine, Bengal Veterinary College, Calcutta and 
Sri S. N. Bakshi, Mastitis Officer, U. P., Lucknow, is gratefully acknowledged. 

references 

L Andrewes. F. W. and Gordon, M. H., (1905-6). jReJ?, Loc, Govt. Bd.PubL 

Hlth. SuppL P. 543. (Quoted by Wilson and Miles, 1955). 

2. Barber, M. and Kuper, S. W. A., (1951). /. Path. Bad. 63, 65-68. 

3. Barber, M., Brooksbank B. W. L. and Kuper, S. W. A., (1951.) J. Path. 

Bad. 63, 57-61. 

4 . Chiarolanza, V., (1954). Rev. 1st Siercter it al. 29, 27-52. (Brit. AhsU Med. 

Sci. 1955, 2, 95.) 

5. Cowan, S. T., (1938). J. Path. Bad. 48, 169-173. 

6. Cruickshank, R., (1937). /. Bad. 45,295-303. 

7. Dudgeon, L. S., (1908). J. Path. Bad. 12, 242-257. 

8. Dudgeon, L. S. and Simpson, J. W. H., (1928). J. Hyg. Camb. 27, 160-273. 

9. Dupont, M. C., (1931). Le Lait. 11, 29-35. (Cited in Vet. Bull 1932, 2, 6). 

10. Edwards, S. J. and Rippon, J. E., (1957). J. Comp. Path. 67, 111-125. 

11. Flaum. A., (1933). Ada. Path. Microbiol. Scand, Suppl. 35, 1-137. 

12. Fusillo, M. H. and Jaffurs, W. J., (1955). J. Bad. 70, 481. 

13. Gordon, M. H., (1903-4). Loc. Brit. Govt, Bd. Report of Medical Office 33, 

380. (Quoted by Flaum, 1938). 

14. Gupta, S. P. and Chakravarti, R. N., (1954). Ind. J. Med. Res. 42, 131-134. 

15. Gwatkin, R., (1937). Canad. Publ. Hlth.J. 28, 185-191. 

16. Hallman, F. A., (1937). Proc. Soc. exp. Biol. Med. 36, 789-794. 

17. Hine, T. G. M., (1922). Lancet, 11, 1380-1382. 

18. Hucker, G. J.. (1924). A. T. St. Agric. Exp. Sta. Tec. Bull. No. 100. (Quoted 

by Wilson and Miles, 1955). 


[ 107 ] 



19. Juliianelle, L. A., (1937). Pm. Soc. Exp. Biol. Med. 36, 1 17-1 19. 

20. Lovell, H. R., (1958). dlature. 181. 995-996. 

21. Minett, F. G., (1936). J. Path. Bad. 42. 247-263. 

22. Merchant, I. A. and Packer. R. A., (1956). Veterinary Baderwlopy and 

Virology, Iowa State College Press. Ames. Iowa. 

23. Nakagawa, M., (195S). Jap. J. Vet. Res. 6, 19-33. 

24. Schlam, W. and Woods, G. H. (1953)., Amer.J. Vet., Res. 14, r)3i)-r)38. 

25. Smith, H. W. (1947)./. Comp. Path. 57, 98-1 15. 

26. Wilson, G. W.and Miles, A. A. (1955). Toplcy and Wilson’s Prind/de.s of 

Bacteriology and Immunity. 4th edition. Vol. I. pp. 699-725. Edward 
Arnold Ltd., London. 

27. Winslow, C. E. A., Rothberg, W. W. and Parsons. E. I., (1920). /. Bad. 5, 


[ 108 1 



STUDIES ON THE NUTRITION OF FUNGI 

The influence of different vitamins on the growth of Cercospora beticola Sacc. 

By 

K. S, THIND and S. R. SHARMA 
Botany Department y Punjab University^ Amritsar 

[Received on i3th November, 1959] 

INTRODUCTION 

Vitamin studies are useful in that fungi may be used in bioassays for the 
vitamin content of various products. By the proper choice of deficient organisms, 
it is feasible to detect minute amounts of physiologically active compounds such as 
the vitamins and amino acids (Lilly and Barnett), 195 1). Host specificity may be 
found to be correlated with requirements for these factors (Wolf and Wolf, 1947). 

There appears to have been made no noteworthy contribution on the mutrh 
tionai requirements of this fungus. This first paper deals with the vitamin require- 
ments of Sacc., causing the leaf-spot disease of spinach-beet {Beta 

vulgaris Linn, var. bengalensis). 

MATERIAL AND METHOD 

Several monosporic isolates of C. beticola were made from the infected leaves of 
spinach-beet {Beta vulgaris Linn. var. bengalensis), collected from various localities of 
Amritsar and Jullundur districts (Punjab). Monosporic isolate CB 7, which showed 
comparatively rapid rate of growth, was selected for investigating the vitamin 
requirements of the fungus, and is deposited in the Herbarium of the Punjab 
University. 

The usual precautions essential in growth substance studies were observed and 
only analytical grade chemicals were used. 

The basal medium B (Sucrose, 20 gm. ; KNO3, 5 gm. ; KH^PO^, 2‘5 gm. ; 
MgS0^,7H20, 0*5 gm. ; Fe^ (SOJ3.6H2O, 0*005 gm. and Distilled Water to make 
1,000 ml.), devised by the authors, was found to be quite good for the growth of the 
fungus and was employed throughout the present work. Fifty ml. of the nutrient 
solution was pipetted into 250 ml. Erlenmeyer flasks. 

The stock cultures were carried on solidified basal medium B. The agar used 
for this purpose was Difco granulated bacto- agar purified with 5 % aqueous pyridine 
(Robbins, 1939). 

As the fungus did not sporulate in culture, only the mycelial fragments were 
used for inoculation. The mycelium was broken down into small fragments with 
the help of a suitable device (fig. 1.) which consists of a petri-dish with two holes in 
its lid. A glass rod, with a metallic (iron) disc attached to its base, passes through 
the middle hole A. This hole is covered with cotton wool held in position by an 
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iron Plate with a hole in its centre through which passes the gif s rod The second 
hole B is also plugged with cotton wool. After this 10 ml. ol distillcc water arc 
poured into the peTri-dish and the whole assembly is autpclavcd fo prepare the 
inoculum small amount of aerial mycelium from a <J days old culture us placed 
aesptcially below the metallic disc. The disc i.s then carelnlly prc.ssecl a uel rotated so 
as to thoroughly crush the mycelium below it into small iif ments. .1 be small 
mycelial fragments will be automatically dispersed thronglioiit the water. One third 
of a millilitre of this mycelial suspension was taken aseptically with (he belj) ol a 
sterilised 1 ml. pipette from the second hole B and put into 50 ml. ol tlie basal 
medium in each 250 ml. flask. 



Fig. 1. A simple apparatus for the preparation of mycelial inoculation ol Cmnslwr/i belirdii. 

EXPERIMENTAL WORK 

Vitamin supplements were added singly or in combination in inicrograms pt'r 
litre of medium as follows : thiamine hydrochloride, SOO/'g. ; biotin, .5/'g.^; pyritl- 
oxine, SOO/ig. ; nicotinamide, 500Mg. ; Ca- pantothenate, 500/ g, ; l-inositol, <10 mg. ; 
riboflavin, 500/Jg. ; para-aminobenzoic acid, SOOf^g. ; L-ascorbic acid, 5()0/ig. ■ 
choline chloride, 10 mg. ; uracil, 500f g. ; adenine sulphate, 500/ g. ; xanlhin'e’ 
500/ig. ; guanine hydrochloride, 500/.'g. Stock solutions of all the 14 viiamin.s and 
growth substances were prepared before hand in distilled water and covered with a 
layer of toluene. All the stock solutions were stored in 5°G. refrigerator. 

Initial pH of the medium was adjusted to G aseptically after sterilization and 
mimeaiately before use by the addition of normal solutions of KOil and IIC! 
Sterilization was done by autoclaving at 10 lbs. pressure for 10 minutes only. 

Of -third of a ml. of mycelial suspension was used to inoculate each 
flfk. All cultures were in triplicate and incubated at 24“G for 10 davs -ifter 
which period the data on dry weight of the mycelium and shift in pll were 
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recorded. Ten days incubation period, pH 6 and 24°(3 temperature were found 
to be the optimum conditions for the growth of G. beticola by preliminary experi- 
ments. The complete data on vitamin nutrition which are summarized in tables 1, 
2 and 3 were collected in three sets of experiments conducted under identical 
conditions. Data on final pH indicate that the growth of the fungus does not bring 
about much pH shifts. The pH is mjintained in the optimum range for the 
growth of C. beticola throughout this study. 

EXPERIMENTAL RESULTS 

The data summarized in Table I show that growth of C. beticola was poor in 
the absence of all vitamins and growth substances as well as when only either group 
A or group B was present in the medium. However, the growth was very much 
improved when both the groups A and B were present in the medium. The data 
indicate that C. beticola shows response to the lack of certain vitamins or growth 
substances in both the groups A and B and that its vitamin requirements are 
fulfilled when both the groups are present in the medium. 

TABLE I 


Influence of fourteen vitamins and growth substances in different combinations 
on the growth of C, beticola after 10 days incubation at 24 ’G. 

Initial pH adjusted to 6. 


Vitamins used 

Weight of the mycelium in mg. 
per 50 ml. of the medium 

Final pH 

None 

113 

6-3 

Group A^ 

282 

6-7 

Group B^ 

329 

6-8 

Groups A + B"" 

501 

7-0 


{a) Mixture of first 6 vitamins — sec text. 

(b) Mixture of remaining 8 vitamins and growth substance— see text. 

(c) Mixture of all 14 vitamins and growth substances. 


The effects of 14 vitamins and growth substances on the growth of C. beticola : 

The data presented in Table 2 indicate that C. beticola showed poor growth 
when either all the vitamins and growth substances or thiamine and choline were 
omitted from the medium. The absence of any other single vitamin or growth 
substance did not result in an appreciable decrease of growth of the fungus. How- 
ever, when guanine was omitted in the medium the growth was somewhat ^ dec- 
reased although it was not as poor as when thiamine or choline was omitted. 
There was a slight indication that the absence of certain vitamins like riboflavin 
and Ca-pantothenate resulted in increased growth. However, a case of clear cut 
inhibition of growth in the presence of any vitamin or growth substance in the 
medium was never observed. 
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table 2 


. f nmittins vitamins or growth substances singly from a coin lunation 

present in the nredin.n on tl.c growtl. of C. e,.o„n 

■ after 10 days incubation at 240C. Initial pH adjusted to 0. 


Vitamin omitted 


Weight of the mycelium in mg, Final pH 

per 50 ml. of the medium 


All 

124 

6-4 

None 

486 

7-0 

Thiamine 

224 

6-7 

Biotin 

482 

6-9 

Pyridoxine 

501 

7-1 

Nicotinamide 

487 

7-0 

Ca-pantothenate 

509 

7-2 

I-inositol 

484 

6-9 

Riboflavin 

512 

7-2 

Para-aminobenzoic acid 

494 

7-0 

L-ascorbic acid 

506 

7-2 

Choline chloride 

205 

6-7 

Uracil 

497 

7-0 

Adenine sulphate 

492 

7-() 

Xanthine 

498 

7-1 

Guanine hydrochloride 

403 

6-8 


Influenee of thiamine^ choline and guanine vitamins on the growth of C. beticola : 

The table 3 shows that C. beticola showed very poor growth wlmn guanine 
alone was present in the medium. However, when thiamine or cliolinc alom* was 
present in the medium the growth was quite appreciable although not as good as 
that with all the 14 vitamins and growth substances present. The growth with 
combinations of thiamine and choline and thiamine, choline and guanine was 
equally good and similar to that with all the 14 vitamins and growth substances 
present m the medium. 
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TABLE 3 


Influence of thiamine, choline and guanine, taken singly and in combination, 
on the growth of C, beticola after 10 days incubation at 24^G. 


Vitamin used 

Weight of the mycelium in mg. 
per 50 ml. of the medium 

Final pH 

None 


117 

6-4 

All“ 


480 

7-0 

Thiamine alone 


262 

6-7 

Choline alone 


243 

6-6 

Guanine alone 


155 

6-5 

Thiamine plus choline 


463 

6-9 

Thiamine plus guanine 


295 

6-7 

Choline plus guanine 


311 

6-8 

Thiamine plus choline plus guanine 

519 

7-2 


(a) All 14 vitamins and growts substances present in the medium. 


DISCUSSION 

This work indicates that Cercospora beticola Sacc. widely occurring as a leaf 
spot pathogen on several varieties of Beta vulgaris Linn, is partially deficient for 
both thiamine and choline. A deficiency for thiamine is by far the most common 
vitamin deficiency among filamentous fungi isolated from nature. Fries (1948) 
states that over 200 fungi are known to be partially or totally deficient for thiamine. 
Deficiency for this vitamin is more common among certain groups of fungi than 
others. Many of these fungi show only partial deficiencies, while some are totally 
deficient. 

Only a few fungi have been reported to require choline. Thind (1950) and 
Lewis (1952) reported the importance of choline in procuring good growth of 
Sclerotinia fructicola and Alternaria solani respectively. The other two choline 
deficient fungi are Clomerella cingulata, reported by Andes (1947) and a mutant strain 
of Pleurospora^ reported by Horowitz and Beadle (1943). 

SUMMARY 

Monosporic isolates of Cercospora beticola Sacc. were made from the infected 
leaves of spinach-beet {Beta vulgaris Linn. var. bengalensis) and a suitable isolate 
GB 7 was selected for further work on vitamin nutrition. 

The fungus shows partial deficiencies for both thiamine and choline. 
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Following the discovery by Stokstad and Jukes (1950) that the feeding of 
Aureomycin had a stimulatory effect on the growth of chicks, a number of other 
reports have appeared showing increased growth of chicks (McGinnis et aL 1950), 
turkeys (Saxena it aL 1953) and pigs (Jukes et aL 1950). Besides these farm 
animals of economic importance, antibiotics have been found to stimulate the 
growth of laboratory animals such as rats and mice (Vijayaraghavan et aL 1952) 
but have also been shown to be ineffective with rabbits (Lawrence and McGinnis, 
1952) and even deleterious to guinea pigs (Roine and Ettalla, 1952). Recently few 
reports have appeared on the effect of antibiotics on the nutrition of insects. Murty 
et aL (1951) reported an increase of 6% in growth of silkworms as a result of addi- 
tion of Penicillin and iitreptomycin to the mulberry leaves fed to the larvae. 
Murthy and Sreenivasaya (1953) found that chlortetracycline and chloramphenicol 
increased body weight and pupal weight of silk worms by 9 to 10%. Murthy et aL 
(1954-) reported that larvae when treated with Chloromycetin showed increase in (a) 
rate of growth (b) body weight reached at maturity (c) weight of silk gland (d) 
quality and meterage of reelable silk (e) number and weight of eggs and (/) resistance 
to disease. The present communication deals with a detailed study of the role of 
Penicillin and a newer antibiotic Oleandomycin on certain aspects of growth 
and reproductive performance of silkworms. These aspects are important not only 
from the fundamental point of view but also from the point of view of practical 
sericulture. 


EXPERIMENTAL 

Silkworms of multivoltine pure mysore race were employed in this experi- 
ment. Six hundred freshly hatched larvae were randomly distributed into 12 
groups of 50 each and reared en masse in seperate trays. Each treatment was 
oflFered to 4 groups which constituted a lot. Lot 1 and 2 received Penicillin and 
Oleandomycin respectively both at a level of 100 p.p.m. and lot 3 served as a 
control. En masse rearing was practised and 20 grams* of fresh, chopped mulberry 
leaves were fed to each group five times a day during the early stages. After the 
third moult silkworms were fed 40 grams of leaves seven times a day. The re- 
quired quantity of antibiotics were incorporated in the diet by dusting the premix 
over the thinly spread chopped leaves and then mixing it thoroughly by hand in 
enamelled cups. The premix was prepared in lactose in convenient amounts for 
efficient dusting. The control groups received an equal amount of lactose onlyi 

Biological data on moulting, growth, spinning and emergence were regularly 
recorded. The larvae were weighed individually on the 5th day after the fourth 
moult, while the weight of green cocoons was taken 3 days after spinning was 
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over the moths were mated soon after emergence and eggs Were allowed 
he laid on a sheet of filter paper which were ccunted socn after laying was 
ove^ ?heeTgs were then maintain^ at room temperature (25-27°C) until they 

hatcled The ‘ants’ obtained from each of the iayings’ were counted and the 
percentage of hatchability in each case determined. Data on the size oi adult 
moths and the length of incubation period were also recorded. 


In order to compare the overal development, growth index was caculated 
bv the method employed by Singh and Pant (1955) in their insect nutritional 
studies. The Index was obtained by dividing the percentage oi larvae that started 
spinning (N) by the average time taken to complete the development (Av). The 
greater the value of index the better was the development of silkworms. 

RESULTS AND DISOUSSION 


Result of the study are presented in Table 1 and 2- It is evident from the 
data presented in Table 1 that both the antibiotics produced significantly higher 


TABLE 1 


Efeci of antibiotics on growth and reproductive performance of silkworms 


Lot No. 

Supplement. 

Av. Wt. of 
Larvae in fifth 
instar gm. 

w 

cd 

Percentage 

Growths 

Response 

Moult period 
fourth, Hrs. 

Av. Wt. of 
Green Cocoons 
gm. 

No. eggs laid 
per laying. 

13 

O 

03 

K 

1 

Penicillin 

0-7571 

0-0143 

33-6 

30* 

0-6517 

394 

92-4 

2 

Oleandomy- 

cin 

0-7233 

0-0031 

27-7 

25 

0-686G 

425 

93- C 

3 

None 

0-5664 

0-0969 

• • 

36 

0-C250 

2(k5 

83-1 


^Measured when 75% of the larvae were out of moult. 


TABLE 2 


Effect of antibiotics on the development of silkworms 



1 


Average time taken for 


Lot 


Percent larve 

complete development 

Growth 

No. 

Supplement 

started 

in 

days. 

Index 

i 


spinning (N) 



N/Av 




Range 

[ Average (Av) 

1 

Penicillin 

67-5 

32—34 

32-3 

2-09 

2 

Oleandomycin 

90-0 

32—34 

32-1 

2-80 

3 

None 

29-0 

33—35 

34-0 

0-8(; 
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larval weights at maturity. The larvae receiving Penicillin and Oleandomycin 
weighed on an average 0*7571 gm. and 0*7233 gm. respectively, while the worms 
from the control group averaged 0 5664 gm. only. The growth responses of the 
silkworms to Penicillin and Oleandomycin were 33*6 and 27*7 per cent respectively. 
The difference in wieght between Penicillin and Oleandomycin groups was not sig- 
nificant. A great deal of variation (Fig. 1 ) was noticed in the size of the larvae 
of the control groups. The variation was comparatively less in penicillin groups 
and almost negligible in case of larvae receiving Oleandomycin. These observation 
were found true statistically as is evident from the S, E. values shown in Table 1. 



Foie of certain antibioiic,' on the growth ar d reproductive performance of silkworms, 

Bombyx mori Linn. 

The antibiotics shortened the duration of the different moults which was 
however significant only in the 4th moult. Oleandomcyin proved better in reduc- 
ing the moulting period as compared to Penicillin. It took 36 hours for moult 
in case of worms of control groups as compared to 30 hours for Penicillin groups 
and 25 hours for Oleandomycin groups. 

The weight of green cocoons were also found enhanced due to antibiotic 
supplementation ; Oleandomycin producing greater gains than Penicillin in all 
groups. Cocoons from worms receiving Oleandomycin weighed on an average 
0*6866 gm. as compared to 0*6517 gm. for Penicillin and 0*6250 gm. for control 
groups. 

The addition of the antibiotics to the diet of the larve resulted in increased 
fecundity and hatchability. On average a female moth laid 265 eggs in control 
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fetoups as compared to 394 in Penicillin and 425 in Oleandomycin groiipii. 
The hatchabiliiy figures were 83-1 % for control groups, 92-4% for Penicillin groups 
and 93-6% for Oleandomycin groups. There was no diflercnce m the size of 
the adults produced and the incubation period of the eggs. 

The data presented in Table 2 shows that the antibiotic supplemeniation 
greatly reduced the mortality of the larvae. Oleandomycin was shown to have a 
better effect than Penicillin. Overal development as judged by the Growth Index 
figures was definitely in favour of Oleandomycin (2*80), though .Penicillin (2*09) 
was also found to be very much superior than the conrol groups (0-86). 

The results obtained in this study showed that the newer antibiotic Oleando- 
mycin proved more effective in increasing the growth and reproductive performance 
of silkworms. Saxena and Kumar, (1959) in their work with chicks reported a 
gieater response with Oleandomycin as compared to Terramycin and Penicillin. 
The method developed at this Laboratory for feeding antibiotics to the worms was 
considered more efficient and superior to the one employed by Murthy ct al. (1954) 
in which worms weie fed by smearing the mulberry leaves with measured amounts 
of a standard solution of the drug. The method used in the study under report 
was found to be more practical, less cumbersome and maintained accnrnic level of 
the drug fed to the silkworms. 

In our study the worms were reared en masse in batches of 50 in enamehal 
trays which w^as more comparable to the conditions of rearing in scriculturnl 
practice. Each treatment was offered to 4 such groups which provided an cxcclkmt 
experimental design for testing the results statistically. Penicillin was included in 
this study to compare the performance of the new antibiotic Oleandomycin, The 
results obtained with Penicillin are in agreement with the results reporKal by 
Murthy fl/. (1951) except that the response obtained in our study was of much 
high order than reported by them. 


SUMMARY 

Role of certain antibiotics on the growth and reproductive performance of 
silkworms, Bombyx mori, Winn, has been studied. Larvae when fed iVnicillin, and 
Oleandomycin showed increase in {a) rate of growth {b) body weight rca,chcd at 
maturity (c) number of eggs laid {d) hatchability {e) weight of green cocoons and 
resulted in a better overall development of worms as shown by an increased 
Growth Index. 

The antibiotic supplementation reduced {a) mortality of the larvae {b) varia- 
tion in the size of the larvae and {c) the period of moulting which was significant in 
the 4th moult. It however did not produce any effect on the size of the moths and 
the incubation period of eggs. 

An improved method of feeding antibiotics to the worms has been des- 
cribed, 
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INTRODUCTION 

The study of larval forms of digenetic trematodes has its own significance. 
The structure, behaviour and ecology of trematodes along with an' incrcjiscd 
knowledge of larval forms, their intermediate and final hoses have always been 
useful in solving the life history problems. During the past lew decades the 
importance of the various larval stages and their development has t)cen grea tly 
realized as such studies have provided sufficient evidence of pliylogcnctic r(‘ia.ilon- 
ships among various groups of trematodes. Further, such studies liavc been of 
great significance as they have led to the emergence of system of classification of 
digenea based on evolutionary history of the group. 

The notable contributions made by Luhe (1909), Lebour (1912), Covt (1917), 
Leiper (1915) on larval forms gave impetus to other workers in th(^ field. Sopaakar 
(1921), Sewell (1922), Faust (1917-1924), Brown (1926), Dubois ( 1929), Miller 
1923, 1926 and 1927) and Miller E. L. (1936) have made valual)lc contril>utions 
to the study of larval forms and life cycles of digenetic trematodes. 'The name 
of Brown, Giurea, Cole, Dollfus, Ejsmont, Harper, Hughes, Hunters, Krull, La 
Rue, Lutz, Mathias, Porter, Price, Ruzskowaski, Stunkard, Szidat, VVcscnl)erg 
Lund and others also stand out prominently for their contributions on larval forms 
and life cycles of digenea. 

A survey of literature in India reveals that valuable work on larval Ibrms led 
by Sewell (1922) has been followed by a number of workers and lias produced 
promising results. The present work has been undertaken with a view to publish 
a consolidated account of all furcocercous cercariae discovered from India so far 
and to give a brief description, systematic position and relationship of each form 
in view of recent works on the life history of trematodes having forked-tailed cer- 
cariae as their larvae. 


A CRITICAL REVIEW 


The study of larval stages began in the 2nd half of the 18th century, when the 
names ‘‘CercW’ofO F Mull^^^ (1773), “Furcocerca” of Lamarck 1815) and 
Histrionella ol Bory de St. Vincent (1823) were used as generic ii imci for 
supposedly adult worms. Bojanus (1818) described cercariae and observed that 
t hey were produce d in yellow sacs within snails. He called these yellow sacs as 
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^royal yellow worm’, de Filippi (1837) assigned the generic name ‘"Redia” for 
these yellow worms and in 1854 he stated that they were larval stages and not the 
adult flukes. As such, he advocated that name “Redia” should not be used to 
designate a genus. 

The relation of cercariae to adult worms was for the first time indicated by 
Oken in a foot note to the papers ot Nitsch (1817) and Bojanus (1818). He stated 
that cercariae are embryos of distomes. 

The ciliated larva (embryo) named miracidium by Braun (1892) was observed 
by Mehlis (1831) in the egg oi Monostomum flavum and by v. Siebold (1835) in the 
egg of M. mutabile. v. Siebold also observed that miracidium of Af. mutabile cont- 
ained a larva with pharynx, simple gut and thus established the fact that redia 
is the offspring of a miracidium. The source of the term ‘^Sporocystis (sporocyst) 
is not known though it was used by de Filippi (1854) and Stiles and Hassall (1908) 
for the first time. The accumulation of observations made by above workers 
concerning the life history of trematodes led Steenstrup (1842) to consider meta- 
genesis (alternation of generation) as a process in the reproduction of coelenterates, 
trematodes and other lower organisms. His observations were supported by v. 
Siebold (1850) and several others. Although well before Steenstrup it had already 
been etablished that cercariae were larval stages, interest in the study of these forms 
did not cease and several works appeared specially by de Filippi, La Valette St. 
George and others. Diesing (1850) however, still considered cercariae to be adult 
worms and created a suborder for them. In 1855 he recognized 9 genera and 20 
species of cercariae. However, in 1850, he accepted the view that cercariae were 
larvae but continued to use generic names for them. 

Inspite of many attempts to determine the life histories of trematodes during 
the period 1843-1892, the first life history was not discovered until 1882 when Leuc- 
kart and Thomas (1883) independently worked out in detail the life history of 
Fasciola hepatica^ the common liver fluke of the sheep. 

Sonsino (1892) described larval forms outside Europe and Looss (1896) des- 
cribed furcocercous cercariae in Germany and neighbouring countries. After 
Diesing, Luhe (1909) made the first attempt to classify cercariae in a comprehen- 
sive manner. He recognized five major groups : Lophocercariae, Gasterostome 
cercariae, Monostome cercariae, Amphistome cercariae and Distome cercariae. 
He based his observations on morphological grounds and made use of the charac- 
ters such as the presence or absence and locations of suckers, presence and absence 
of stylet, form of the tail and other structures. He further, subdivided the distome 
cercariae into Cystocercous, Trichocercous, Furcocercous, Microcercous and Gym- 
nophalus cercariae as well as tailless cercariae. After Luhe, numerous attempts 
have been made to modify his scheme and improve the conception of relationships 
between the various types of cercariae but still the scheme forms the basis of any 
alternative one puts forward at the present time. However, Cable (1956) has vigor- 
ously questioned the further usefulness of Luhe’s scheme of classification in the 
present state of knowledge of larval forms and their life histories. 

Sinitsin (1911) studied cercariae and to some extent their development. He 
compared the development of the peculiar Bucephalid larva with that of the fork- 
tailed cercaria ocellata whose adult is now known to be a blood fluke {Trichobilharzia 
ocellata). However, except in a few instances he seems to have made no particular 
reference to account for the relationships of cercarial types or to families of adult 
flukes (worms). 
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T U nQl9^ nresented an alternative scheme for the larvae and used the 

, cnoroc^vsts or rediae of these larval forms as a basic factor in her 

development 1 p y addition to the taxonomic importance of the tad. Tins 
scheme of be widened to include all the known forms, yet it at- 

scheme, basis on the mode of origin of cercariac. She drew more 

m the separation of forms which in other respects show close resemblance 
due to loss of tail by abbreviation of the life cycle. 

Tpiner fl9i5) described furcocercous cercariae in much detail and separated 
the scSsome cercariae from other group of furcocercous forms on account of the 
wlr ofaDharynx, of pigmented eye spots, cuticular keel on the liircae, length 
of the are less than half the length of the tail stem. 


Gort (1917) suggested a scheme on the basis of his study of five furcocercous 
r^rrjiriae and laid special emphasis on the excretory system as the important 
rriteria in classification. He writes -A mere complete knowledge of this system will 
do much to clear up relationship and to establish natural families. Also an increa- 
sed knowledge of the excretory system of little known types of cercariae will be of 
great help in solving life histories by suggesting the groups of adults to which such 
forms belong.” He thus concluded that five cercarial species were related, the thn^c 
without pharynges and the two having pharynges represent at least two distinct 
families For the apharyngeate species, C. douthitti and C. elephantis he suggested a 
relationship within a family. Later work has proved both these forms to be blood 
flukes the first in the family schistosomatidae and the second in the family spiroi^ 
chiidae The close relationship of these two families is fully estaliUshccI. C\ douglasi 
and G. emarginatae, the two pharyngeate species are now known to belong to tlie 
Strigeatoidea. Gort thus concluded the conservatism of the excretory system and 
its value in establishment of relationships in trematodes. 


Faust (1917) originally came to the conclusion that all fork-tailed distome 
cercariae were members of the schistosomidae. This group of larval trematodes 
he characterised as being fork-tailed and without a pharynx. Subsecpient dis- 
coveries of other forms which did not fall within the limits of Faust’s Schistosome 
larval groups led Faust (1918) to modify his views and to enlarge the boundaries 
of his schistosomid group. He writes “with the broadening knowledge of schisto- 
some larvae it seems more reasonable to recognize a complete series of larval 
forms those with a pharynx sphincter (C. douglasi, C. emarginatac, and perhaps C\ 
vivax Sonsino) through those with a degenerate pharynx with or without intestinal 
caeca (C. gracillima, C. minor) through those without any pharynx but witli well 
developed mucin glands (C. gigas, C, tuberistoma, C. douthitti) to the human schisto- 
some cercariae.” Faust paid too much attention to the presence or alisencc of 
pharynx and intestine and did not sufficiently take up into account the presence 
and absence of other anatomical characters of equal importance. 


Sewell (1922) modified the scheme of Luhe in many respects though not 
satisfying subsequent workers in the field. He made use of such characters to 
which Luhe attached much importance. He extended such characters and formed 
many groups of cercariae where Luhe for want of information could not do so and 
contented with solitary examples but with characteristic features. Sewell attem- 
pted to derive the distomes from monostome stem and recognized six groups of 
monostome cercariae ; Pleurolophocerca, Ephemera and Urbanensis groups wliich 
develop in rediae and the IJbiquita, Lophocerca and Lophoides groups which 
develop in sporocysts. He believed each of these groups to be a starting point for 
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a series of lines of evolution each of which gives rise to distome descendants. 
Sewell modified the classification of distome furcocercous cercariae as given by 
Cort (1917) in the point that he combined Gort’s group I and II into one whereas 
he divided group III of Cort into two groups. Group I of Sewell includes the 
brevifurcate, apharyngeal forms divided into two series mainly depending on the 
presence or absence of hollow spines capping the ducts of the penetration glands. 
Group II includes the Longifurcate cercariae divided into two series depending on 
the presence or absence of pharynx. Group III is meant to contain some peculiar 
forms with leaf like appearance. However, SewelFs ideas incorporated in his 
monographic work on Indian Cercariae proved untenable in the light of recent 
works specially of Stunkard (1934) who concluded that both distomes and mono- 
stomes are polyphyletic groups and that neither can be regarded as simple primitive 
type. He further advanced the thesis that certain distomes appear to have derived 
from monostomes whereas certain monostomes appear to be derived from distome 
ancestors. 

Faust again in 1924 divided furcocercous forms according to the excretory systems 
flame cells formula because he believed that it was a natural basis for natural group- 
ing. But his belief that the excretory system is a common system carried over from 
the cercaria to the adult was refuted by Miller’s (1926) statement that the flame cells 
of the cercariae might have potentialities for more rapid division so that the 
pattern of the adult worm could not be predicted. This has been illustrated in 
other form for instance in the larva and adult of 5. However, Faust 

included the monostomes and distomes furcocercous cercariae into one homogene- 
ous group and laid much stress on the excretory system to establish natural 
groupings. Stunkard (1929) advocated caution in the use of the excretory system 
for natural groupings of these larvae because in most trematodes the development 
of the cercaria to the metacercaria and the adult is accompanied by increase in the 
number of excretory ducts and flame cells. Brown (1933) showed in Lecithodendrium 
chilostomum the same type of excretory system serving all stages of development and 
he suggested that an increase in the number of ducts during development might be 
an expression of the physiological needs of the organism and similarly in the 
number of excretory units in a group or of groups within the system, the result of 
convergence in evolution and not necessarily an indicdtion of phylogenetic relation- 
ship. 

La Rue (1926) extended Gort’s idea to include relationships between certain 
superfamilies and orders of the digenea. He proposed that the number of flame 
cells in the miracidia might give additional support in some cases to the claims of 
relationships. On the basis of his analysis of the results of the life history work of 
Gcrt, Sewell, Faust and others on one hand and that of Lutz, Ruszkowski and 
Szidat on the other, he proposed the order Strigeatoidea with three suborders : 
Strigeata, Schistosomata and Bucephalata. Again in 1938 he reviewed the literature 
pertaining to the excretory system as a basis for a natural classification of the 
Digenea. 

The most recent system of Glassification of these cercariae is by Miller 
(1926). He attached great importance to the presence or absence of a pharynx 
and stated : ‘‘The presence or absence of a pharynx is the first consideration of the 
division of the furcocercous larvae into two main groups.” He supported his view 
by Stunkard (1923) on the adult blood inhabiting trematodes from the reptiles and 
their relationships with the forms found in fishes, birds and mammals. He further 
wrote ; “These studies indicate that the blood flukes constitute a natural group. 
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They on the other hand lack a muscular pharynx and so it seems that the presence 
or absence of a pharynx is of great significance and the possession or lack of a 
ventral sucker is relatively unimportant.’^ Miller divides tliese two inain groups 
Pharyngeal and Apharyngeal into two subgroups Brevifurcatc and Longifurcate. 
Each of these he further divides into Monostome and Distome groups, except the 
pharyngeal brevifurcates in which no monostome cercaria has l)cen recorded so far. 


Although Miller’s 1926 classification of furcocercous ccrcariac has been 
accepted to day by a large number of workers yet a good deal of rnisunclcrstandini*' 
and confusion may lead to wrong allocation of cercariae in view of recent findings. 
From data on the life history of various groups of trematodes in the past three 
decades, it has become more or less clear that the value of dilFcrent clmracicrs for 
the division of furcocercous cercariae into distomes or monostomes, longifurcate or 
brevifurcate, pharyngeal or apharyngeal and their development in rcdiac or 
sporocysts have relatively grown very narrow and requires reorientation. The most 
illustrative and glaring examples leading to this contention are schistosome and 
strigeid cercariae and cercariae belonging to the families Aporocotylidae, Sangnini- 
colidae, Spirorchiidae, Brachylaemidae and Glinostomatidae all iacluded under the 
order Strigeatoidea La Rue, 1926. 


As already pointed out Miller (1926) while recognizing the presence or 
absence of a pharynx as a character of greater importance than the presence or 
absence of an acetabulum in furcocercous cercariae also laid cmpiiasis on tiic 
character of the tail. He divided both pharyngeal and apharyngcaJ furcoccrcoir^ 
cercariae further into longifurcate and brevifurcatc sul.)grf)ups aiid assiipicd special 
distinctive features to each subgroup. The terms longilurcale a.nd brcvifuicate 
were mainly used to denote the length of furcae in relation to the tailstcm length. 
A cercaria having furcae without constrictions at the base and longer than one lialf 
the length of the tailstem length or exceeding that is called longifurcate whereas 
the term brevifurcatc is used when the furcae are less than half tlic length of the. 
tailstem and are constricted off from the base. In brevifurcatc forms the tail is 
usually narrow than the body and in longifurcate forms its width is gcueraliv 
equal to that of the body. However, the tailstem and furcae arc extreimdv com 
tractile structures and it is doubtful if the leu^^^^ of the two structuixes emu hi' be 
adequately appraised in all cases. Since long, probably an impression has been 
lormed that schistosome cercariae are brevifurcatc and Strigeid lom/ifurcalt* l)ut in 
schistosome cercariae themselves the fundamenlal character of a bievilureaU‘ form 
is not perfectly established as the following examples show. Mille.r ( 1926) himseil' 
has erred by putting C. elvae [ = C. ocellata according to Dubois (1929) ami 'i’-ivlor 
and Bayhs 0930) ] with caudal furcae and tailstem as 231D. ;ind 691 ' (ilylwf 
materia!) and 290g and 382/^ (balsam preparati()n) and ghxu with caudal 

furcae and tailstem as 320/^ and 180 . Porter (1938) gives 
caudal furcae and tailstem m the cercaria o{' imarziella polonica as 1o9/a ;ui(i 

and 370 43^1 tailstem measure 230-310, i 

Talhntt fiS f' schistosome cercariae are, therefore, 1 imrifmcate 

four <!rV t given the lengths ol caudal furcae in relation to the tidlstem (if 

group. Macfarlane and Macy (fofo? Lv°e described "l(m2'‘caud f 'i. 

tnental value ^■■inau- 
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Of the other characters assigned by Miller (1926) to differentiate betweeti 
brevifurcate and longlfurcate forms, a majority are more or less common to both 
the groups. In the nature of spination, presence or absence of long hairs on body, 
or ‘tail, nature of gut, eye spots, head glands, penetration glands, flame cell number 
in tail and furcal finfolds, there does not exist a very sharp difference between the 
two sub-groups as is clear from the morphology of Aporocotylid-Sanguinicolid, 
Spirorchid, Schistosome and Glinostome cercariae which are brevifurcate and 
Strigeid which are longifurcate as well as the more specialized cercariae of the 
families Bucephalidae, Brachylaernidae and Fellodistomatidae. In fact, the nature 
of the tail and tail-furcae have become modified in various groups of the Strigeato- 
idea according to mode of life. 

From the above explanation it is more or less evident that the basis of 
differentiation into brevifurcate and longifuixate cercariae is not in confirmity with 
the available data. The sharply restricted grouping based on the character of the 
tail and furcae has been proved to be rather arbitrary. As such our conception of 
a longifurcate or a brevifurcate nature of cercaria in relation to Schistosomes, 
Strigeids and other related forms under the Strigeatoidea requires change. There- 
fore, it appears safe to retain the terms brevifurcate and longifurcate for conve-* 
nience of description rather than using them as designations for the two sub- 
groups. 

Similarly if we consider the nature of the pharynx in furcocercous cercariae, 
we find that the structure is of variable nature. Its absence characterises the 
entire group of blood-fiukes but Oiso (1927) has shown a muscular pharynx in the 
ceraria of Bilharziella yokogwai which is lost in the adult. Cercaria gracillima, (7. 
minor, and several strigeid cercariae also possess degenerate pharynx. Cercaria of 
Clinostomum marginatum has a delicate pharynx which is lost in the adult but present 
in the metacercaria. In other Glinostome cercariae that are known, a pharynx is 
not present. The cerc;iria of Apharyngostrigea pipientis (Faust) has a pharyngeal 
bulb but the adults lack the structure. Cercaria multicellulata wrongly placed in the 
pharyngeal group by Miller actually does not possess a pharynx. These observa- 
tions show that the pharyngeal or apharyngeal condition of longifurcate or brevifur- 
cate forms is a transitory character and has become modified according to the 
mode of development and possibly physiological adjustment in the hosts. The 
presence or absence of a ventral sucker is also of no prime importance as already 
established by Stunkard (1934) and others. It is well known that among blood 
flukes many are distomate, some monostomate and certain strigeids have also no 
acetabulum. As such the division of cercariae into pharyngeal and apharyngeal, 
distome or monostome does not appear to be sound. 

Following the lead of Sewell (1922) and others, Dubois (1929) based classi- 
fication of cercariae mainly on the basis of excretory system in addition to other 
characters. He recognized in his group of monostome cercariae two types of 
excretory system which he gave the names “Stenostoma’’ and ''Mesostoma'b In 
the former type the lateral excretory canals extend forward to the pharynx and 
turn about dividing into anterior and posterior branches. In the latter type, the 
excretory canals extend only to the vicinity of the ventral sucker there dividing 
into anterior and posterior vessels. He also showed other characteristics to be 
corelated to the two types of excretory systems e. g. cercariae with Stenostoma 
Type of excretory system develop in rediae and those with Mesostorna Type deve- 
lop in sporocysts and the miracidia have two pairs and one pair of flame cells 
respectively. Xiphidiocercariae and furcocercous cercariae show the mesostorna 
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type whereas Amphistomes, Echinostomes and Gymnophalus carcariae sliow tlie 
Stenostoma type. From such correlations, Dubois inferred that some digenea 
followed one or another course in evolution. Other groups of cercariae showing 
combinations of characters in one or the other series are Lophocercariae (San 
guinicolidae) Cystocercous {Gorgodera ^ cygnoides : Gorgoderidae), Microcercons 
(Sphaerosioma bramae : Ailocreadiidae), Rhopaiocercous cercariae of the Isporl 
and Pleurolophocerca groups, cercariae of the Helicis and Leucochloridium group 
and perhaps the monostome cercariae belonging to the Notocotylidac. 1 hough 
the group ‘‘Gercariaea’’ form an unnatural one, however, many of them have the 
characters of the Stenostoma Type. Except lophocercariae many others which 
have been studied seem to have followed one guggested line of evolution or tlie 
other. But an examination of literature concerning the life history ol' digenea 
shows that relationships do not exist as both mesostomate and stenostomate types 
of excretory systems occur in the cercariae of the Superfamiiy Opisthorchoidea as 
well as within the single subfamily like Gorgoderinae. 


La Rue (1938) while reviewing the literature concerning the importance of 
excretory system as a basis for a natural system of classification of digenea exnres 
sed the view that : “Much more information is needed on the process of formation 
ofthe excretory vesicle With large mass of data on this process it might 1,,. 
possible to determine whether it is of significance in the development of a nainrU 
system of classification.’ He further said, “the development of a natural taxo. , 
mic system for the digenea must be based upon comparative anatomy of all sVhvs 
A ccount must in any case be taken of the miracidinin cMieci- 
ally of Its flame ce Is and possibly ofthe number and arrangement of the ’ex W- 
mal plates. In the cercaria attention must be given first to Ibrm or Ivpe ol' 
cercana. Type of cercaria usually lakes penetration apparatus into acTount 

as well as tail and other external characters Of.spekil imporfince b )?, 

cercana are the pharynx, and the character of the excLory syitem' includhig 
flame cell pattern, forms and proportions of excretory vesicle. Possibly tlic form-i- 
tion ofthe excretory vesicle and the excretory pore may have value as ^charactcr.s”. 

Having above ideas in view, La Rue ('1957'! ba? mwn n r i -r- 

for Digenea based largely on similarities in the life cycles and devcl<)nnK-ianVsia*^g^^^^^^ 
and ofthe excretory system which has been discussed in the coming’pagos ’ 


CERCARIAE AND THE TAXONOMY OF THE DIGENIW 

^ The modern concept of classification is to nortrav i i 

nomic symbols (Stunkard, 1946). The trematod^ ^ Jtlations by taxo- 

is largely based on phylogenetic relationshins Tiaf- emerging to day 

geny in various groups of trematodes have been 

phology and life history as well as host .i comparative rnor- 

studies which are in a way very recent have These 

taxonomy ofthe digenea, prelented^ by earner 

Monticelli (1892', Braun (1893) Loom H 8991 Beneden (1858) 

Fuhrmann (1928fand otLVs >‘^‘2), Podic (192(i): 


-'‘f based on life histories, deve- 
classification ofthe digenea. He created the order'll revision of the 

to include three major groups : blood-flukes stH under the digenea 

led to the creation of several orders and sup;rfare?ba^S SSiZiTstudS 
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by subsequent workers. Thus were added the Clinostomatidae by Hunters (1934), 
Azygiidae by Szidat (1932), Brachlaemidae by Allison (1943) and Fellodistomatidae 
by Cable (1953) to the Strigeatoidea. Allison (1943) and Mehra(1950) created the 
suborders Glinostomata and Brachylaemata respectively under the Strigeatoidea. 

Stunkard (1946) laid emphasis that ‘"no deep significance can be attached 
to the presence, location or absence of an acetabulum and the arrangement of 
these worms into the suborders Amphistomata, Distomata and Monostomata has 
little phylogenetic or taxonomic support.’’ To support this argument, he further 
stated, ‘‘the time factor is important, an acetabulum may appear in the cercaria 
and continue its development in the distomes, it may appear in the cercaria and 
fail to develop further in certain Gyclocoelids and Eucotylids ; it may not appear 
till later for example, in the metacercarial stage of certain microphallids, hetero- 
phyids, and opisthorchids or it may fail to develop at all in the so called monos- 
tomes.” He therefore, proposed to suppress the orders Gasterostomata and Pro- 
sostomata and in the latter the suborders Amphistomata, Distomata, Monostomata, 
Strigeata, Bucephalata, Schistosomata and Glinostomata. 

La Rue (1957) has again presented a new system of classification of the 
digenea based exclusively on the method of development of excretory system, 
similarities in the life-cycles and development of the larval-stages. In this system 
he has dropped the taxa Gasterostomata Odhner (19J5) and the Prosostomata 
Odhner (1905) as these taxa were based on the position of the mouth, a character 
of no great significance. However, he has preserved the value of the adjectives 
gasterostomate and prosostomate in characterising cercariae and adults and 
prefers their use in a purely descriptive and not in a taxonomic sense. La Rue 
divides the digenea into two Super orders : Epitheliocystidia and Anepitheliocy- 
stidia. In the former, the excretory bladder in cercarial, metacercarial and adult 
stages is composed of epithelical cells which are derived from the mesoderm and 
cercariae are with tails sinple, reduced in size or lacking, caudal excretory vessels 
present or absent, stylet present or absent, miracidium with one pair of flame cells. 
In the latter superorder, the excretory bladder is thin walled and not epithelial 
at any stage, caudal excretory vessels present in developing cercariae, stylet absent, 
miracidia with one or two pairs of flame cells, or apparently lacking. 

The super order Anepitheliocystidia La Rue, 1957 includes three orders : 
Strigeatoidea La Rue, 1926 ; Echinostomida La Rue, 1957 and Renicolida La Rue, 
1957. The order Strigeatoidea contains four suborders ; (1) Strigeata La Rue, 

1926 with three superfamilies; StrigeoideaRailliet, 1919 ; Glinostomatoidea Dollfus, 
1931 and Schistosomatoidea Stiles and Hassal, 1926 ; (2) the suborder Azygiata 
La Rue, 1957 with the super family Azygioidea Skrjabin and Guschanskaja, 1956 
and Transversotrematoidea La Rue, 1957 ; (3) the suborder Gyclocoelata La Rue, 
1957 with the superfamily Gyclocoeloidea Nicoll, 1934 and (4) the suborder 
Brachylaimata La Rue, 1957 with three super families ; Brachylaimoidea Allison, 
1943, Fellodistomatoidea La Rue, 1957 and Bucephaloidea La Rue, 1926. 

The order Echinostomida La Rue, 1957 includes two suborders ; Echinosto- 
mata Szidat, 1939 with the superfamily Echinostomatoidea Faust, 1929 ; the 
Paramphistomata Szidat, 1936 with the superfamily Paramphistomatoidea Stiles 
and Goldberger, 1910 and Notocotyloidea La Rue, 1957. 

On the basis of life history data provided by Gable (1954a), La Rue includes 
the family Haplosplanchnidae Poche, 1926 in the Echinostomatoidea although 
fishes are the final hosts of the adults. Further, according to him the morphology 
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of the cercaria and of the adults except for the lack of the collar and collar spines 
is in accord with the characters of the superfamily. He includes the family Heroni- 
midae in the Paramphistomatoidea because of the amphistomate cercaria in the 
life history of Heronimiis chelidrae according to Cable and Crandall (1956). 

The order Renicolida La Rue, 1957 with the single suborder Renicolata Ui 
Rue, 1957 and with the single superfamily ^ Renicoloidea La Rue, 1957 is included 
in the Anepitheliocystidia on the basis of life cycle data provided by Rothschild 
(1935), Wright (1956) and Cable (1956). 

The order Strigeatoidea La Rue, 1926 includes all families of dlgenea which 
have forked-tailed cercariae. La Rue includes the Clyclocoeloidea in the Strigea- 
toidea due to cercariae having a bilobed condition of the much reduced tail as 
described and figured by Timon-David (1955) for the cercaria oi Pseud liyptiasmus 
dollfusi. He states that “the lack of branching sporocysts and the presence of a 
well developed redia in the life cycle rule out the possibility that the Cyclocoelids 
are closely related to the Branchylaimidae.’’ 

While discussing the position of the family Fellodistornacidae near the Bra- 
chylaimoidea in the order Strigeatoidea, La Rue supports his arginnents by the 
studies of Gable (1953-l95^b, i954c and 1956). Cable showed that Gyinnophal- 
line (Fellodistomatid) cercariae are forked- tailed, simple tailed or without tails 
and the morphology of their body demonstrates relationship within the sulifauiily. 

The superorder Epitheliocystidia includes two orders : Plagiorcluida La Rue 
1957 and Opisthorchiida La Rue, 1957. The Plagiorchiida contains the singU 
suborder Plagiorchiata La Rue, 1957 with two superfamilies : Plagiorchoidca Dol- 
fus, 1930 and Allocreadioidea Nicoll, 1934. The order Opisthorchoida has two 
suborders : Opisthorchiata La Rue, 1957 with the superfamily Opisthorchioidea 
Faust, 1929 and the suborder Hemiurata Skrjabin and Guschanskaja,, 1954 with 
the Superfamily Hemiuroidea Faust, 1929. La Rue has provisionally placed the 
family Didymozoidae under Hemiuroidea on account of the similarity of excretory 
systems in the adults and the miracidia as shown by Gable (1956). 

The superfamily Allocreadioidea Nicoll, 1934 according to La Rue conta.ins 
a variety of cercarial forms and, therefore, it is not a natural one and rctiuires 
subdivision into several subfamilies more or less closely related and in the present 
state of knowledge its revision is out of scope. The families Gyliauchenidac and 
Opistholebatidae have been provisionally included in the Superfamily Allocrcadioi- 
dea on the basis of comparative morphology. The position of the lamily Troglot- 
rematidae is problematical as it has a life cycle resembling those of Allocrca- 
dioidea ard the Piagiorchioidea. However, on the characters of the uterus and 
the large size of eggs the family Troglotrematidae has been placed within the 
Allocreadioidea. 

Mehra (1957) in his classification of digenetic trematodes considers that the 
Superorders Anepitheliocystidia and Epitheliocystidia are unnecessary and should 
be dropped as the development of the epithelial bladder in the cercariae of the 
latter superorder is considered to be a secondary character having no phylogenetic 
significance and showing no clear relationship of certain groups included under 
it to one another than to some groups of the former superorder. For instance, he 
considers that suborders Echinostomata and Parampliistomata of the Ancpkh(‘- 
liocystidia are more closely related to the Plagiorchiata and Opisthorchiata than 
to the suborder Strigeata La Rue, 1926 and Brachylaemeta Mehra, 1950. Further, 
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the Suborder Gyclocaelata is more closely related to the Paramphistomata and 
Notocoyloidea ot the order Fasciolatoidea Szidat, 1936 than to the order Stricrea- 
toidea La Rue, 1926 and thus is also closely related to the order Plaaiorchiida'^La 

Rue, 1957. The loss of great reduction of tail in the. cercariae of these groups of 

trematodes has apparently taken place separately by convergence in some groups as 
an adaptation to a life cycle in which the free swimming stage is omitted as already 
pointed out by Gort (1918) and Wallace (1941). On these points, Mehra does not 
consider Gyclocaelata to be closely related to Brachylaemata Mehra, 1950 and 
hence to the Stngeatoidea La Rue, 1926. 


Further in his opinion, a comparision of the development of the excretory 
system from the embryo to the mature cercariae shows that the entire excretory 
system minus the development of the definitive excretory bladder in mature cer- 
cariae should constitute an important basis of classification with some other 
features of the developmental stages and the adults and this invalidates the super 
orders created by La Rue. Thus in his scheme, he drops the order Echinostomida 
La Rue, i 957 and replaces it with Fasciolatoidea Szidat, 1935 on the basis of 
priority and accepts the orders Plagiorchiida La Rue, 1957 and Opisthorchiida La 
Rue. 1957. Further, he creates two new orders Azygiatoidea and Hemiuratoldea. 
The former includes the suborder Azygiata with the superfamily Azygioidea Skr* 
jabin and Guschanskaja, 1956 characterised by having gigantic furcocystocercous 
cercariae with flame cells groups in the tail, development in sausage shaped radiae 
with terminal rudimentary pharynx but without gut and locomotary appendages, 
genital opening in front of the oral sucker, miracidia probably nonciliated. The 
Hemiuratoldea includes the suborder Hemiurata Skrjabin and Guschanskaja and 
is characterised by having Gystophorous or Hemiurid cercariae with primitive type 
of development of the excretory system in which the fused tubes extend upto the 
tips of one part of the highly modified tail, cercariae develop in rediae, second 
intermediate host a copepod, miracidia non ciliated. 

In another paper, Mehra (1958) has discussed the relationships of the family 
Gorgoderidae with the families Azygiidae and Hemiuridae. He has shown that the 
cystocercous or cyst forming character of the tail of Macrocercariae and Rohpalo- 
cercariae of the Gorgoderidae is of a deep seated nature so as to be considered 
of phylogenetic importance indicating the genetic relationships of the groups to 
which these cercariae belong. It is not an example of convergence as upheld by 
some authors. The presence of stylet in Macrocercariae is a secondary character 
and should not be considered as showing relationship of the Gorgoderidae with 
the Allocreadioidea Nicoll. The stydet is absent in Rhopalocercariae and the 
Macrocercous cercaria, C. mitocerca Miller, 1936 which according to Fischthall 
(195.), represents the ancestor of Rhopalocercariae and which with Macrocercariae 
and hlicrocercaria G. phyllodistoTnum fi^liuiu (Sinitsin 1901), arose from a common 
unknown ancestor ; the divergence having occurred giving the Rhopalocercariae 
along one line and the Macrocercariae resulting in the Microcercaria, C. Phyllo- 
distomum folium of Sinitsin along the other. 

In the above paper, Mehra has created the Superfamily Gorgoderoidea to 
accommodate the family Gorgoderidae which is characterised by Macrocercous 
cercariae and Rhopalocercous cercariae. In his opinion the Superfamily Gor- 
goderoidea though more closely related to the Superfamily Azygioidea Skrjabin 
and Guschanskaja, 1956 and Superfamily Transversotrematoidea La Rue, 1957 
of the Suboder Azygiata La Rue, 1957 and the Superfamily Hemiuroidea Faust, 
1929 ol the Suborder Hemiurata Skrjabin and Guschanskaja, 1954 included under 
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the order Heraiuratoidea Mehra, 1957 than to any other digcoctic group, dilleis 
from them so much as to be created a new order Gorgoderida for its reception. 

As regards the evolution of digeiiea Mehra has reiterated his 1957 view tlial 
it has taken place in three divergent lines from the primitive digenetic ancestor : 
first branch giving the orders Fasciolatoidea Szidat, 1936 ; Plagiorchiida La Rue, 
1957 ; and Opisthorciiiida La Rue, 1937 ; the second branch giving the orcleu’ 
Strigeatoidea La Rue, 1957 and the third line giving the orders Azygiatoidca, 
Mehra, 1957 ; Hemiuratoidea Mehra, 1957 and Gorgoderida Mehra, 1958. The 
order Gorgoderida stands near the base of the third phylogenetic branch. 

INTERRELATIONSHIPS AND TAXONOMY OF FURGOGERGOUS GERGAKIAE 

lntemlationships,’~^Gtic 2 LXi 2 i IS a larval fluke having some potentially adult 
and some strictly larval characters. The body becomes the adult parasite and 
possfsses an oral sucker and a rudimentary digestive system, usually an acetabu- 
lum, a genital rudiment and a simplified excretoiy system. It may have cystogen- 
ous cells or proteolytic glands or both as well as eye spots and other larval struc- 
ture. The tail is also a larval structure and maybe vestigeal, sinple or forked, 
prehensile or swimming with or without spines and long liairs. It is primarily 
an organ for passing from the snail host to the next host. In recent years consider- 
able phylogenetic significance has been given to the bificlncss or sinplcxicss of 
the tail. 


Life history studies have shown that members of the families Bucephaliclac, 
Brachylaemidae, Clinostomatidae as well as strigeids and blood flukes ail have 
forked-tailed cercariae, and are closely related to one another. Many studies have 
also confirmed the view that Spirorchiidae represent the primitive lainily of l)lo()(l 
flukes from where have evolved the degenerate suckerless AporocoLylidnc along 
one line and Schistosomatidae along the other line. Allison (1943) considers that 
Leticochloridiomorpha constantiae represents the living ancestral form of the family 
Br^hylaemidae and that Bucephalata and Brachylaemidae form one group where- 
as Clinostomata, Strigeata and Schistosomata form another group in the order 
Strigeatoidea La Rue, 1926. Further, the families Clinostomatidae, Gyathocoty- 
lidae represent the primitive forms of Strigeata and Spirorchidae represent the 
primitive forms of Schistosomata (Mehra, 1930). All these groups of trernatodcs 
are closely related to one another through their cercariae and other developmental 
features. The characters of the larvae and their developmental processes indicate 
now these groups have radiated from the common ancestor along dilFcrcat lines 
ot adaptations. The common ancestor of the Brachylaemata Mehra, 1950 and 
imostomata Alhson, 191r3 was an intesiinal distome representing the main 
stem from which the Strigeata La Rue, 1926, Bucephalata La Rut^ 1926 and 
Schistosomata La Rue, 1926 have been evolved along different lines. 

Radiative adaptations are the very key note of evolution in the phvloLTcnv of 

trematodes. Furcocercous cercariae as a group have adapted tliLisclves in a 
radiating manner with requisite modifications in their morphology and mode of 

thranccstSX by Mehra (1950). probably ihc cercaria of 

^ ^ ^ Strigeatoidea have evolved along different lines 

lurcae longer or almost as long as the tailstem, and it possessed a pharynx, a 
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ventral sucker and a simplified excretory system. From this generalized structure 
the various forms included under the Strigeatoidea have taken different lines ciilnii- 
nating in the adults of the families Brachylaemidae, Bucephalidae, Fellodistomatidae 
Cliiiostomatidae, Slrigcidac and Schistosomatidae (Blood-flukes). 

Allison’s 1943 researches have shown that Brachylaemid cercaria of L. con- 
stantiae is of the furcocercous type and in many respects comes nearer to the 
ancestral type. It has a well developed forked tail with tailstem shorter than the 
furcae. The cercariae develop in branched sporocysts produced by branched 
mother sporocysts in the aquatic snail Campeloma. Other known cercariae of the 
family Brachylaemidae are found only in pulmonate snails and have short or 
vestigeal tails persisting for a short time. The tailless or nearly tailless condition 
of the cercariae of the other members of the family may be considered as an 
adaptation to life in terrestrial snails. The cercariae of L. constantiae has four 
pairs of flame cells as in Strigeids and Schistosomes. The tailstem bears long 
filamentous hairs as in Strigeids and Clinostomes and the raetacercariae has a 
vestigeal reserve excretory system which disappears before the attainment of full 
size as in the Strigeids and possibly in Clinostomes (Singh, 1959). Baer (1952) 
states that the development and life history of digenea show that probably they 
have originated in fresh waters as their developmental stages are invariably found 
in gastropods and lamellibranchs. Majority of these parasites are still bound by 
their life cycle to water and consequently the adult worms either partly or wholly 
to aquatic vertebrates. Adaptations to land vertebrates became possible when 
metacercariae encysted in aquatic larvae of aerial insects and other orgmisms and 
thus became available to hosts e.g, bats, birds, etc. Encystment on plants has 
favoured invasion by trematodes of land vertebrates and appears to be a recent 
advance. The final passage into the various hosts that are ecologically independent 
of water became possible with the adaptation of the first larval stages to amphibious 
or terrestrial snails. In the latter the structure of the cercaria has become modified 
specially in the tailstem which is usually rudimentary and some times has even 
disappeared. It is probably on these lines that the loss of tail in other members of 
the family Brachylaemidae which have terrestrial snail hosts as the first host has 
taken place and in L, constantiae which has aquatic snail host as its first host the 
tail has been retained. This character appears to be more important both from 
adaptive and phylogenetic point of view. 

The gasterostome cercaria of Bucephalus polymorphus is a well known form and 
has been thoroughly studied, the anatomy by Ziegler (1883), the biology by Wunder 
(1924) and Wesenberg-Lund (1934), the life cycle and germ cell cycle by Woodhead 
(1929, 1930 and 1931). The larva may be considered as a specialized furcocercous 
cercaria in which the tail is much reduced or practically absent and the furca long 
and strongly developed showing an adaptation to the mode of its pelagic life and 
its entry into the next host. This modification in the tail allow the cercariae to 
come rapidly to the surface. The larvae develop in branched sporocysts some of 
the branches of which appear to be nutritive roots while others are germinal sacs 
in which germinal masses are seen. In some species rediae are produced while in 
others germ masses occur in an investing membrane that subsequently break up 
into germ cells each of which develops into a cercaria. A somewhat precocious 
redia has been observed as in some Strigeids and schistosomes and this suggests 
that the so called daughter sporocyst is merely an undeveloped redia. 

The bucephalid cercariae resemble the brachylaemid cercariae of L, constantiae 
in the reduced length of the tail stem, their development in branched sporocysts 


[ 131 ] 



and in the metacercariai development. The bucephalids resemble the brachy- 
lacmids in the smaller size of the ova which are erabryomited at the time of 
deposition, in the rniracidia having cilia borne on bars and excretory system. The 
gasterostome cercariae also resemble the strigeid cercariae in the possession of a 
pharynx, a group of penetration glands and their development in sporocysts as 
well as in the metacercariai development. The natatory tail apparatus of buce- 
phaiid cercariae also shows a close resemblance to the furcocercoiis cercariae of 
the Strigeatoidea in general. The above characters clearly indicate how the two 
groups of trematodes Gasterostomes and Brachylaemids are interrelated and also 
point to a close resemblance to the Strigeids in general through their develop- 
mental stages. 


The position of cercariae belonging to the family Fellodistomatidae has been 
established by the studies of Gable (1953, 1954c). Fie traced the life cycle of a 
Gymnophalline species and concluded that Gymnophalline instead of belonging to 
the Heterophyidae or Microphallidae should be placed in the Fellodistomatidae. 
His view is supported by observations on several larval fellodistomatids and parti- 
cularly the life history of Fellodistomum fellis as reported by Ghubrik (1952). Gable 
(1953) thus enlarged the scope of the order Strigeatoidea La Rue, 19iG by assigning 
the family Fellodistomatidae to that order. He has shown that the (ilymnophaUine 
(Fellodistomatidae) have cercariae with forked-tails, simple tails or without tails. 
The tailstem is with or without paired multiple setae. The excretory system is of 
the stenostomate type with U shaped or Lyre-sliaped bladder having short stem 
and long broad arms. The penetration glands are numerous and situated in tlie 
anterior region. The cercariae develop in simple sporocysts i^l marine lamcUi- 
branchs and the life cycle involves three hosts. The above characters of Gymno- 
phalline cercariae point to a close resemblance with that of the Brachylaemids amd 
Bucephalids, though there exists a significant difierence in the adult characters. 

La Rue (1957) on the basis of data provided by Cable (1953) includes the 
family Fellodistomatidae giving it a rank of Superfamily Felloclistomatoidca under 
the suborder Brachylaimata La Rue, 1957 in the order Strigeatoidea. However, if 
the adult characters are taken into consideration the Fellodistomatids stand out 
prominently in contrast to the Superfamilies Brachylaimoidea and Bucephaloidca 
of the Suborder Brachylaimata. The Fellodistomatids form a well defined and 
distinct group in the Strigeatoidea having affinity with the Brachylaimidac and 
Bucephalidae through their larvae. Perhaps, it would be more sound tt) raise 
the status of the superfamily Fellodistomatoidea to the rank of a su])ordcr Fellodis- 
tomata N. N. under the 'strigeatoidea. Phis would bring the Fcllodistomata to an 
equal footing with the Suborders Strigeata La Rue, 1926 ; Schistosomata La Rue, 
1926 ; Bucephalata La Rue, 1926 ; Giinostomata Allison, 1943 and Bracbylaemata 
Mehra, 1950 of the order Strigeatoidea La Rue, 1926. 


The cercariae of the schistosomata have developed at least two sets of 
penetration glands (acidophillic and basophillic) whose secretions enable them to 
penetrate the tissues of the final host directly. They have become chaemiotacic or 
haemotropic through adaptation to their respective hosts. The cercariae are bilid 
with slender tailstem, furca comparatively smaller than the tailstem and constricted 
off at the base They are distinguished from all other forked-tailed cercariae by 
the congenital absence of a pharynx (except In B. yokogwai). The apharyngeal 

because of their having become adapted to a mode 
of life m the blood of the final hosts. The schistosomata may be siid to include 

f ^ Spirorchid, Aporocotylid-Sanguinicolid and Schistosome 

that are closely related to one another. 


[ 132 .] 



The spirorchids are hermaphrodite and live in the blood vascular system of 
turtles. Some have slender thread like gonads others have enormous testes while 
one genus has only one. In some cases the acetabulum has disappeared. The 
intestinal tract resembles that of schistosomes in the absence of a pharynx. The 
spirorchid cercariae are apharyngeal, brevifurcate. distomate, ocellate with body 
tailstem and lurcae covered with sharp backwardly pointed spines, a head gland in 
the anterior penetration organ, two kinds of penetration glands witn their ducts 
capped with papillae or hollow piercing spines. The excretory system is V shaped 
with flame cells in the tail. The body has a dorsal median crest and the furcae 
are provided with dorsoventral fin-lolds. Both fin«folds and crest are organs of 
floatation. The carcariae develop in sporocysts. 

The lophocercariae of Luhe (1909) and the Lophocerca of Sewell (1922) 
include cercariae belonging to the lamiiies Aporocotylidae and Sanguinicolidae, 
which develop in the blood vascular system of fishes. Like Spirorchid cercariae 
they also possess a dorsal median crest, an anterior penetration organ, eye spots 
(pigEQented or unpigmenled) and penetration glands of acidophiilic or basophillic 
reactions. The pattern of the excretory system is the same as in tne Spirorchids 
but there are no flame cells in the tail. The ventral sucker is absent and the 
cercariae develop usually in simple sac like sporocysts though redial stages have 
been observed in S, davisi by Wales (1958). The monostome cercaria, C. cfistata 
of Sanguinkola inermis appears to be a specialized form in having a pair of 
conical spines at the tip of the snout or cone of the bluntly pointed protrusi- 
ble anterior organ and two caudal excretory canals running through the tail 
and passing into the furcae to open at the tips. The adults of these families 
are hermaphrodite with numerous testes as in the Spirorchidae and have a rather 
unusual H shaped or X shaped gut. They have no suckers and no pharynx and in 
all these characters resemble to a greater extent the Spirorchids. 

^ The furcocercous cercariae belonging to the Schistosomatidae lack a dorsal 
median crest though lateral fin-iolds on the furcae are present in some species. 
Roughly they fall in two subgroups ; the one that develop in birds and the other 
that develop in mammals. The cercariae of the avian schistosomes differ from 
the cercariae of the mammalian schistosomes in having much more elongated 
bodies and furcae comparatively longer than half the length of the tailstem. 
However, the presence of pigmented eye spots is a common character of both avian 
and mammalian schistosomes. The cercariae of the mammalian schistosomes 
form a well defined group showing great conservatism of excretory system, number 
and character of penentration glands, nature of the gut, size, and furcae being 
less than half the length of the tailstem and constricted off from the base. The 
spines covering the general surface are characteristic as they are usually curved at 
their tips and penetration glands that are acidophiilic and basophillic open through 
hollow piercing spines. They also possess a head gland in the anterior penetra- 
tion organ like avian schistosomes and develop in sporocysts. The males in the 
mammalian species and in some avian schistosomes have gynaecophoric canal in 
which the females lie for a longer part of their life. In avian schistosomes some 
species have flattened bodies and others thread like in both the sexes. In recent 
years most observations made on mammalian schistosomes show all cercariae 
developing from a single egg are of the same sex, and that while males will reach 
maturity in the host in the absence of females, the females reach only adolescene in 
the absence of males. However, when a male enters, the female completes her 
development even if the male need not ])e of the same species as the female. 
Polygamy has also been observed in some species. Further, it has been also 
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observed that hybrids can occur although they always resemble the female parent 
(Cameron, 1958, p. 94). 

Wall (1941) considers that Spirorchid cercariae stand intermediate l)ctwecn 

Lophocercariae (Blood flukes of fishes) and Ocellata Group (Blood flukes of birds 

and Mammals). Be writes, “in this group one would expect cercariae showing all 
Stacies of retroc^ressive development of the dorsal crest leading to those lieanng no 
crest i.e- schistosome cercariae.” The author is in full agreeiuent with Mchra 
(1950) that the Spirorchids represent the central generalized stock from where 
evolution has taken place in two directions, towards the Aporocotylidac along one 
line and along the other towards the schistosomes of birds and mammals in which 
the furcocerc^ous cercariae have become active swimmers with the loss of the 
median body crest in general and to some extent furcal fin-folds. The m oimslorae 
suckerless flukes have evolved from distomes through the reduction and loss of 
acetabulum or both the suckers respectively. Among the blood flukes many arc 
distomate, some monostomate and some even suckerless and thus arc closely related 
to the strigeids in which certain members have also no acetabulum. 

The Glinostome cercariae are furcocercous, lophocercous, brcvil‘urcatc, 
pharyngeal or apharyngeal and have pigmented eye spots and develop in rediac 
instead of sporocysts. The development of these cercariae in rediae has been 
considered as a developmental feature having no phylogenetic signihcajice The 
cercariae possess long filamentous hairs and spines on ilu; tail and th(‘. furcae arc 
without fin-folds. The excretory system is V shaped and the acetaJadum r<‘|»re- 
seated by a mass of cells somewhat smaller than the «\nterior penetration organ. 
They have rhabdocoel gut and penetration glands as in Schistosome and strip, cid 
cercariae. The Glinostome cercariae have several characters in comition with 
schistosome and strigeid cercariae on one hand and with S[)irordiid and Lt^phocer- 
caiiae (Aporocotylid-Sanguinicolid) on the other hand and arc also closely related 
to the Brachylaemid cercariae in general. 

The Glinostome cercariae resemble the Loplioccrcous monostome.s in their 
general appearance, in having dorsal body crest and ill definod a.cctabulum as W(dl 
as eye spots. However, they differ in having a pair of fkirne cells in the tail. They 
resemble the Spirorchid cercariae in general appearance, excretory systenn, spina- 
tion, dorsal crest, outline of the acetabulum and eye spots, 'riicse characters bring 
Glinostome cercariae nearer to the Spirorchid which arc supposed to be the primitive 
schistosomes (Blood-flukes). 

Mehra (1950) considers that Clinostomata having brcvifurcate, pharyngeal 
cercariae connect the apharyngeal schistosomata with the pharyngeal strigea(a 
and that they are also closely related to the Brachylaemala. However, the author 
feels that the nature of pharynx and acetabulum in furcocercous ccicariae is of 
variable nature. Schistosomes lack a pharynx either in cercariae or in the adults 
but the descriptmn of a pharynx by Oiso (1927) in the cercaria of B . yokogwai tluit 
disappears in the adult is a significant point. There are also certairi strigeid 
cercariae in which the pharynx is obscure but the adults arc pharyngeal and in 
some the pharynx of the ceicaria is lost in the adult. A similar condition appears 
in the case of the acetabulum. As such the nature of pharynx and acetabulum 
appears to be a common character in the furcocercous cercariae in general 

The Strigeids characterised by the presence of the holdtast organ foun a 
well defined group parasitic in the intestine of vertebrates. The group is consider- 
ed to be a monophyletic in view of recent investigations and its evohitioii has been 
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fully discussed by Mehra (1950). The group probably originated from the intesti- 
nal distome ancestors of the Brachylaimata, Clinostomata, Schistosomata and 
Bucephalata. The ancestor of this group probably belongs to the family Gyatho- 
cotylidae as first suggested by Odhner (1913), later on by La Rue (1926), Szidat 
(1936) and supported by Mehra (1950). Gyathocotylidae and Clinostomes as stated 
already are supposed to be primitive types of Strigeata and the life history as 
studies have proved beyond doubt that Strigeata are closely related to Clinostomata 
and also to Schistosomata, Bucephalata, and Brachylaemata through their larval 
stages and developmental features. 

Strigeid cercariae present a variety of forms and structure but all are longi- 
furcate having combinations of characters found in other groups of the Strigea- 
toidea. They are mostly pharyngeal (except few) with pigmented or unpigmented 
eye spots or none, with variously arranged spines on body and usually long hairs 
on the tail and some times on the body. The gut has also taken to various shapes 
and sizes from a small rhabdocoel type to well developed forked intestines reaching 
behind the ventral sucker or it may be ill defined. The width of the tail is usually 
equal to that of the body but in some cases it may be bulbous. There may be 
caudal bodies in the tail or may be absent. The ventral sucker is usually well 
defined but some times present in the form of a group of cells. The excretory 
system is V shaped with flame cells in the tail and some times with transverse 
ducts in the body- Penetration glands and penetration organ are well defined. 
The cercariae develop in long thread like sporocysts usually with a birth pore. 
In some strigeids the sporocysts contain a generation of secondary miracidia 
(Cameron, 1958 ; Premvati, 1955). 

In strigeid trematodes parasitic mode of life has entailed modifications in phy- 
siology, morphology and life history. The Larvae are free swimming and penetrate 
directly in the next host to encyst or they may develop without encystment into 
metacercariae pointing to a close relationship with Clinostomes, Gasterostomes and 
Brachylaemids. Certain Strigeid cercariae as those of Apatemon and C. leiifera 
rapidly invade the circulatory system of the next hosts showing a close relationship 
with the blood flukes. However, the transfer of furcocercous cercaiiae from the 
snail to the next host has been achieved in different ways. These cercariae do not 
possess cystogenous cells as in those of other groups of trematodes. They have 
only the penetration glands whose secretions enable them to penetrate the tissues 
of the second host or the final host. In this way they have become chemiotacic 
or haemotrophic through adaptations to their respective hosts. The cercariae of 
Brachylaemata, Clinostomata and Strigeata as well as Bucephalata have become 
adapted after penetration into the second intermediate host to develop into meta- 
cercariae with or without encystment. In the Schistosomata on the other hand 
the cercariae have adapted themselves to penetration in the final host through 
the skin directly. As such the cystogenous cells in furcocercous cercariae have 
disappeared and the penetration glands and penetration organs have become 
strongly developed. Thus the encystment in furcocercous cercariae appears to 
be a secondary aquisition. 

From the above discussions we come to the conclusion that adoption by trem- 
atodes of a parasitic way of life has induced changes in all directions and these 
adaptive modifications have resulted in both convergent and divergent evolution. 

Taxonomy : The system of classification proposed for the larval forms (cercar- 
iae) by Liihe ( 1909), Lebour (1912), Cort (1917), Faust (1918, 1924), Sewell (1922), 
Miller (1926), Dubois (1929) and others in view of recent works on the life history 
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and embryology of various groups of digenea have expressed considerable diffi- 
culties in the formulation of a taxonomic system for the larval st«iges. Stimkaid 
(1946) is of the opinion that ‘‘these larvae are merely developmental stages in the 
life cycles of species which belong to diverse families and attempt at classification 
have limited objectives and little fundamental value. The natural system of 
classification of digenea must be based on the evolutionary history of the group 
and further the system must utilize informations allbrdcd by the study of' both 
adults and larval stages and every feature must be evaluated with the greatest 
care.'’ However, from a study of literature on larval forms belonging to dilFerent 
families of the digenea and from life cycles of many of them, it appears that cer- 
tain characters such as the number, position and staining reactions of penetration 
glands, the shape of the bladder, the branching of excretory tubules and flame 
ceil number, the shape and size of body, tail, furcae and their spinatloo, the nature 
of the stylet, and the character of the germinal mass etc. should be regarded as 
less important characters for definite specific diagnosis and more important for 
showing group or subgroup relationships. It is also evident that of the various 
larval generations, met within the digenea, ccrcaria is the only stage which shows 
the greatest resemblance and variety of structures and is most helpful in correlating 
the adult structures and their phylogeny. The name ‘‘cercaria” may be consider- 
ed as a group name (Dawes, 1956 ; p, 418) and not a generic name atul for i)ur- 
poses of descriptions specific names combined with it have nomcnclalural validity 
and may take priority over later names given to the adults of the sainc S[)ccies 

Taking into considerations the above points an attempt has l)cca made here 
to present a system of classification of Furcocercous ccrcariuc with special reference 
to the grouping of Indian forms known so far. In this system, the I'axa longifur- 
cate, brevilurcate, monostome, distome, pharyngeal and apharyngcaluscd l)y Miller 
(1926) for grouping of furcocercous cercariae have been dropped and their use for 
only descriptive purposes has been retained. From life history studies and for 
reasons already discussed, it has become evident that in purely taxonomic sense 
these taxa have now no great significance. Similarly the various group names 
created by Sewell (1922) for furcocercous cercariae have been dropped a,s tliey have 
been found untenable in the light of modern researches. For these larvae the only 
safe and more convenient system of classification appears to assign group names 
after the name of the families as has been done by previous workers in many cases. 
Further support in favour of this system is afforded by the life cycles of closely 
related families and at least one representative from each of the larger groups, 
whose life cycle is known. As such the following group names of i'urcocercous 
cercariae have been suggested : 


1 . Aporocotylid-Sanguinicolid Group 

2. Spirorchid Group 

3. Schistosome Group. 

4. Clinostome Group. 


5. Strigeid Group. 

6. Brachylaimid Group. 

7. Gasterostome Group. 

8 . Fellod isto mat id G r o u p . 


The history and definition of each group and the forms from India known 
so lar representing the above groups shall be communicated in subsequent parts 

cercariae belonging to ihe families A/,y- 
gidae, Bevisecuhdae and Transversotrematidae which are also in away liucocercous 
have not been considered as they dilfer in several respects from tlu- furcocercous 
cercariae belonging to the Strigeatoidea La Rue, 1926. They have unden-'one vari- 
ous modifications from the fundamental pattern of structure charactcristi’c of the 
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true furcocercous cercariae and are considered to be specialized type of furcocer- 
coiis cercariae called ‘‘Furcocystocercous”. Tiiese have gigantic body, small furcae, 
flame cell groups in the tail and develop in rediae. 
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ON A NEW TREMATODE STAPHYLORCHIS SCOLIODOmi n. sp. 
(FAMILY GORGODERIDAE LOOSS, 1901 ; SUBFAMILY 
ANAPORRHUTINAE LOOSS, 1901) FROM SOUTH 
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WITH A PHYLOGENETIC DISCUSSION 
AND CLASSIFICATION OF THE 
FAMILY 
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The little known genus Staphylorchis Travossos, 1920 prasitic in the body cavity 
of the Selachii of Indian and Australian seas created for Petalcdistornum cymatode 
Johnston, it hom Petalodistomim polycladum Johnston, 1913, the two 

species for which he created the genus Petalcdistornum parasitic in the body cavity 
of the sting-ray Dasybatus kuhlii of the Australian seas has been recently studied 
closely. Travassos thought that his new genus which resembles more Anaporrhutum 
Looss, 1901 than Petalodistomum is characterised by its highly sinuous intestinal 
caeca and the disposition of its testes. 

Liihe in 1906 described a new species Anaporrhutum largum for a single 
specimen obtained from the body cavity of Rhinoptera javanica Muller and 
Henle at Kalpitiya, Ceylon. Travassos in 1922 in his revision of the family 
Gorgoderidae included it in the gtnus Anaporrhutum, hut Bsiylis in 1927 assigned 
it to the genus Staphylorchis as Stophylorchis largus on the basis that the 
testes in Anaporrhutum overreach the intestinal caeca and extend beyond them 
towards the median line, whereas in Luhe’s species they are entirely extra- 
caecal. Southwell (>913) recorded Staphylorchis largum (Liihe, 1906) Baylis 
1927 from the coelom of Selachian fishes of Ceylon, Chiloscyllium indicum, GingJy- 
mostoma concolor and Aetohatis narinari and also compared with it a species 
of Anaporrhutum obtained by Dr Jenkins from the coelom of Stegostoma tigrinum 
caught off the Orissa coast in 1910. Chaudhuri (1916) collected A, Icrguum also ffom 
the coelom of Hypolophus sephen from the Chilka lake. Nagaty (1930) Studied about 
40 worms contained in a bottle labelled ‘‘Parasites from Ginglymo stoma concolor Periya 
Paar, Pearl Banks, Ceylon”, which he identified as Staphylorchis largum (Luhe, 1906) 
Baylis, 1927. He was able to supplement Liihe’s description of this species from 
the large number of specimens available. He was in agreement with Baylis in the 
allocation of this species to the genus Staphylorchis* Dollfus (1937), however, criticis- 
ed the position of largum in the genus Staphylorchis* He expressed the view that it 
stands intermediate between Anaporrhutum, Staphylorchis and even Petalodistomum, and 
thought that it may be justifiable to consider it as subg enus. It may be mentioned 
that Luhe (1906, p. 105) had expressed the opinion that while Probolitrema may be 
accepted as a separate genus, it would not be proper to create a third genus for 
largum on account of its entirely intracaecal vitcllaria ard entirely extracaecal testes. 
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Wlfus's remark to. in 

near the termination of th mention that in Staphylorchis as in Anaponhutim, 

of Johnston in S-^ ' T.SiT alUhe genera of tlie subfamily Anaporrliu- 
Probohtrema, f ^ vesicle is tubular^ and bifurcates much iii front of the 
Tend of caecrjear or a little distance behind ovary It appeal^ that 
TSoi?fiture 7s cyUdes does not show correctly the positum ol Uu- b.lurca- 
Johnston s ngure 01 ^ Samuel (1952) in her account of iitaphyhrchis gigas 

rcfrXgl^S ?hir;.*ion which' is cirroborat.d by Cn.ec (.»7) in i'. 
and our own observation in the case of the new species dcscibtd licit,. . t.tcs 

are however extracaecal in though they occupy a small aica and do not 
Sndls in ihe_ other species of level of acetabulum and 

that of the termination of the caeca. 


Samuel (1952) has given a fairly detailed account ol her new species S gigas 
parasitic in the coelom of shark Galeocerdo tignnus collected near Madras and Naga- 
pattinam, Bay of Bengal. She while discussing the systematic^ position ol^ Llihc s 
species largum follows Dollfus and comes to the conclusion that it should be included 
in the genus Anaporrhutum. We do not agree with this as will be seen later ui U»e 
systematic discussion of the new species described m tins paper. C-rus/. (KKj/) has 
described another new species from the body cavity of tlic shark ScditHUm xtHdlmdim 

ofCeylonese waters (Indian Ocean), which as the author mentions is more ehisely 

related to S. gigas Samuel than to S, cymatodes (Johnston). In this paper is described 
the fifth species of the genm, Staphylcnhis scolidonii t\. ohuxhivd innn i\m 
csiwity of Scoliodon son akowah of iht south Indian seas. Only one specimen was 
obtained in the course of dissection in the B. Sc. class room from one shark. 


Length of formalized specimen 9 mm. ; maximum breath at about middle ol 
the body length 8 mm. It resembles S. cymatodes in size and dillers remarkalily 
from 6*. Samuel and S.parisi Crusz, which arc very large. Body moderately 
large, flattened, almost spherical petaloid with posterior part broad and round(*d, 
fairly fleshy, smooth without spines or scales ; anterior end narrower and slightly 
projecting, 0*255 mm. in breadth, posterior end 0*42 mm. in l)readth. Oral sucker 
nearly terminal, with the opening slightly ventrad at anterior end, larger and stouter 
than ventral sucker, broader than long, measuring 1*4()25 mm. in maximum br(%adth 
by 0*8075 mm. in ajitero-posterior length; breadth and length of its opening 
0 2975 mm. and 0*0875 mm. respectiyely. Ventral sucker also much liroachu' than 
1*2165 mm. in maximum breadh and 0*82 mm. in length, situated a, little liehiud 
long, oral sucker at about one sixth body length distance from anterior <‘nd and 
0*153 mm. behind intestinal bifurcation. The openings of the suckeis arc trans- 
verse ; the distance between the two suckers is 0*765 mm. 


Pharynx strongly muscular, situated immediately behind oral sucker pnvjcct- 
ing anteriorly a little under its posterior wall, measurings 0*5185 mm. in lireaxlth 
by 0*4335 mm, in length. Oesophagus absent ; intestinal caeca simple, without 
diverticula, diverge at their origin just behind pharynx making almost a semicircular 
arc at the wide intestinal bifurcation ; intestinal caeca wide, situated midway 
between the middle longitudinal axis of the worm and its lateral bordeis are strong- 
ly winding being thrown into a number of undulations, terminating a, little in front 
of hinder end with terminal ends facing each other; number of undidations in 
both caeca almost equal, 7 in one and 8 in the other. 

r.r opening situated median, 0 51 mm. distance in front of intestinal 

bifurcation ventrally to posterior margin of pharynx. In the type species 6’. ryniatodes 
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(Johnston) it lies in the middle line between intestinal fork and anterior edge of 
ventral sucker. In S. giga^ Samuel, 1952 and S, parisiCvusz, 1957 it also lies median 
on the ventral surface a short distance behind intestinal bifurcation. Its position 
in the new species in front of the intestinal fork behind posterior margin of phary- 
nx, however, resembles that in S. largum Liihe, (1906). 

Excretory opening terminal at hinder end, surrounded by a sphincter, leads 
into a tubular excretory bladder which extends forwards between intestinal caeca 
and bifurcates at about the middle of body length at a little distance behind 
ovary and receptaculum semlnis into two long branches one on each side running 
forwards a somewhat tortuous course and each bifurcating again just outside or 
underneath its respective intestinal caecum into a forwardly and backwardly runn- 
ing branches. 

Jestes divided into a large number of small follicles of almost oval or rarely 
spherical^ shape irregularly distributed and occupying on each side a fairly broad 
area outside intestinal caeca between the latter and lateral edges of the body ex- 
tending from about R — 2 mm. distance behind ventral sucker to a little in front cf 
hinder ends of caeca. Testes follicles measure 0*068-0*11 by 0*051-9*068 mm. in size. 
Their number could not be counted as they are smaller and more numerous than 
in other species. In S, cymatodes in which they are about 50 small rounded folli- 
cles on each side, they measure 0*107-0*129 mm. in diameter. In S, gigas and S, 
parisi they are 40-52 in number on either side in the former and 45-61 in the latter, 
measuring 0*8 by 0*6 or 0*4-0*8mm. in the former and 0*06-1 *5mm. by 0*5-l*0 mm. in 
the latter. In these three species they extend anteriorly to the level of acetabulum 
in Contrast to that in the new species in which they commence about one fifth body 
length distance behind it. In S Aar gum 1906) their number is very small, 14 on 

the right and 17 on the left according to Liihe and 9-21 on each side according to 
Nagaty. In this species they occupy only a small area much behind acetabulum 
and in front of terminal ends of straight or slightly sinuous caeca. According 
to Baylis (1927) their diameter is 0*2-0*34 mm. The vasa efferentia were not 
clearly seen ; they were seen to arise from the testes in a few places joining up in 
groups of more than 5 or 6 to enter the long vas deferent duct. The two vasa 
deferentia join just behind anterior wall of acetabulum dorsally to the right side 
of the^ latter to form the tubular vesicula seminalis which extends in front to the 
right side towards intestinal bifurcation. The terminal end of the vesicula semi- 
nalis is not swollen into an elongated oval sac as in S. gigas ; nor is it dilated into 
a cirrus like end organ as in S, parisi. It passes more or less insensibly into slightly 
narrower terminal ejaculatory duct which lies to the right side opposite the 
terminal part of metraterm. 

Ovary small, ranch lobed, mulberry-shaped or rather follicular composed of 
small closely set follicles, 0*153-0‘238mm. in size, situated to left side of median line 
in close contact with left side of receptaculum seminis with vitelline reservoir 
ventral in its anterior zone. Receptaculum seminis, rounded, 0*7mm. in diameter, 
situated almost median directly behind acetabulum, at about 0*05 mm. distance 
behind it and in close contact with right vitelline gland, at 0*072 mm. distance 
from the loop of right intestinal caecum and 0*782 mm. distance from the loop 
of left caecum. It is much smaller than that of S. gigas and S, parisi ; in the latter 
species it is very large, almost double the size of either of the suckers. The two 
vitellaria, receptaculum seminis and ovary with the anteriorly lying shell gland 
mass and vitelline reservoir and the transverse vitelline ducts are intercaecal as in 
other species of the genus lying a little distance behind acetabulum, closely behind 
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first prominent loop of Intestinal caeca. Each vitelline glan'l is composed of n 
loosely and irregularly arranged winding cord '>‘ vnelhnc cdls ui the .,nn ol a 
network of a few branched tubes and not of follicles. 1, he right vit.r.lluu, gl.uul, 
0-765 mm. in breadth and 0-34 mm. in length lies a little more anteriorly, occupy- 
inff almost the entire space between right intestinal caecum an,d rix:cplai:m 
seminis to the right side of anterior half oi the lattei j Icit vitcliiu': gl*u).d lies 

between ovary and left intestinal caecum opposite and slightly at a iower^ level to 

the right gland, measuring 0‘85mm. in breadth and 0*5 1 mm. in length. .1 lie vitel- 
laria resemble in shape those of S. cyrncttodcs in which each glaud consists ^ ol 
much branched tube rather than of follicles’^ differing frorn the condition in S. gigas 
in which ‘‘each gland consists of a cluster of branching^^lollicles^ wluch^ rcsenil)le 
clumsy finger like projections with rounded extremities”. In S. parisi they arc 
dendritic and each is about half the size of the enormously large reccptaculum 
seminis. Transverse vitelline ducts conspicuous, the right one placed a little in 
front of the left one, the former situated ventral to anterior part of reccptaculum 
seminis. Vitelline reservoir at anterior margin of ovary just l)eliiiul sludl glaud 
mrass near left side of reccptaculum seminis ; shell gland mass contiguous ancl au- 
teiior to ovary. Uterus arises from between receptaculum semitxis and ovary, passes 
coied towards left intestinal caecum dorsally just behind left vitelline gland to 
take its descending course, reaching posteriorly to aixoiit half tlie distnuce Ixdwetm 
acetabulum and hinder end of body to a little behind the middle, of body le.ngth 
in the intercaecal area, coils not crowded but on the other hand loose.ly arrangiul, 
ascending coils passing to left side to enter tcrmimilly tlui long melraterm 
situated between left vitelline gland and ovary. Metrate.rm long lV)rining a 
somewhat coiled mass near and infront of ovary behind accta,bulum IxUAVetm 
reccptaculum seminis and left intestinal caecum, taking terminally a forwa.r<l course 
overlapping acestabulum to left side and running median in front of the latter 
opposite to terminal part of vesicula seminalis and ductus ejacxilaiorius to open 
at the genital pore. Ova numerous, oval, yellow brown and U’0574-0't)'h:»7 by 
0*0i87-(j*0^8 mm. in size. The uterus differs from that of other spec/u^s In e.xlending 
posteriorly to a little behind the middle and not to the liindcr end or to blind tmds 
of caeca and also in the configuration of its coils. It is not volumiuoiis as in *S’. ifuias 
ziid. S. parisi » The metraterm in the new species is much iougtu' and the 'ova 
smaller than in other species. 


SYSTEMATIC DISCUSSION 

The genus Staphylorchis created by dravassos in 1920 to accomodate 
lodistomum cymatodes (Johnston, 1913) and based on the strongly winding' cln-^ 
racter of intestinal caeca, entirely intracaecal position of vitellaria and I’oiiieidar 
condition cand entirely extracaecal position of testes should irichule /l/a//xrrr/ni//n// 
largum (Luhe, 190b) as assigned by Baylis in 1927. Though the caeca in tliis 
species are almost straight or slightly winding, the position of its vitellaria 
and testes follicles entitle it to that position. It cannot be included in the mm ns 
Nagaty, 1930 as sugested by Yamaguti (1953) on account of its simnle 
caeca without outgrowths, prefurcal position of the genital opening and the testes 
not forming grape like symmetrical bunches of acini as in NagmiayorkeL 'J'hc litsirs 
m the latter species are also larger in number 29-35 in contrast to 9-21 of .V latiwm 
In Nagmia the excretory bladder has lateral branches along its length and th^ v 
cptaculum seminis is very large. The relative position of the latter t(> tlu‘ ovarv V 
acetabulum in 5. Zargwm is, however, similar to that in Nagmia, which also rcscnniiies 
It m the acetabulum being larger than the oral sucker. Luhe (190G) was rductanJ 
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Fig. I Slaphylorchis soliodoni n. sp. ventral view, acet. actabulum ; ex. bl. excretory bladder ; ex. o. 
excretory opening g. o. ; genital opening ; i. c. intestinal caecum ; m. metraterrn ; o s*oral 
sucktr ;-ov. ovary ; ph. pharynx ; r. s, receplaculum seminis ; t. f. testis follicles ; t v d. 
transverse vitalline duct ; ut. uterus ; vit. vitelline gland ; v, s. vesicula seminalis. 


tojcreate a third for his species largum and therefore included it in Anabonhu- 
umOfenheim, 19 JO as held separate from Probolitrma Looss, 19J2. He. however 

r^S^feLs genus as a subgenus rather than a sepa- 

rate genus. Dollfus (1937) criticising Bayhs s assignment of largum to Staphylorchis 

intermediate between Anaporrhutum, Staphylorchis 
and Petalodisymurn and thought it possible to create a subgenus for it. He also 
expressed that Magniia Nagaty may be considered as a subgenus of Petalodistomum 
rather than as a separate genus, the only difference being that in Nagmia the testes 
&re separated into a large number of separate follicles. Samuel (1952) follows Tra- 
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vassos (1922) and Dollfus (1937) in recognising the position tar gum in Analrmhiitiinu 
We may point out as previously done by Baylis that the genus Anapurrhiilim is 
clearly distinguished by the position of its testes whicli consist of symmetrical grape 
like bunches of numerous small follicles overreaching caeca and extending inwards 
to them towards median line. The testes in this genus arc partly cxtracaecal 
and partly intracaecal and the vitellaria lie just inside and ventral to tlic caeca, 
whereas in S, largum testes are entirely cxtracaecal and vitellaria entirely intcrcaccal. 
In these features as well as in the prefurcal position of the gcnita.1 opening it stands 
quite apart from Anaporrhuiim, thpugh the almost straight or slightly sinuous ca.cca 
bring it close to the latter genus. S. scoliodonii n. sp. connects S. largum with other 
species of Staphylorchis in which genital pore occupies a postfurcai position. In veiw 
of all this the position of S, largum in the genus Staphylorchis must be considered as 
valid. There may be some force in the points of view of Luhe (1906) and Dollfus 
(1937) that Anaporrhutum, Probolitrema^ P etalodistomurn, Staphylorchis and Naginia may 
be considered as subgenera, but we consider it proper to maintain them as separate 
genera on account of their well marked differences. 

5. scoliodonii n. sp. resembles S. largum (Ltihe) in the absence of oesopliagus be* 
sides the prefurcal position of its genital opening, but it differs in the relative sizes of 
the suckers. I'he acetabulum is much larger in S. largum about twice the siz(^ of the 
oral suckar according to Baylis. The oral and ventral suckers arc ccpiai in cymModos 
gigas,md parisi, hut in scoliodonii n, sp. oml sucker is a little larger iha,n ventral 
sucker. S. largum differs from the latter and other species of the g<*uus in the re- 
ceptaculum seminis being situated mostly anterior to the ovary in contact with 
posterior margin of acetabulum and not laterally to ilie ovary a liith* distance 
behind acetabulum. 

S. scoliodonii n. sp, resembles 5. cymatodes closely in the size of its l>ody, shape, 
size and position of the ovary, receptaculum seminis and vitellaria, but tlic testes 
are smaller in size and larger in number. The testes also differ in comnnuicing some 
distance about 2 mm. i,e., about one fifth body length behind acetabulunn S, gigas 
differs from the new specis in the much greater size of the body, wliich is more than 
twice its size, in the large size of its receptaculum seminis, equal size of suckers, 
and structure of the vitellaria, S. parisi which resembles S. gigas in its large size 
has much larger receptaculum seminis which is very large about doul)lc tlic size 
of either sucker. The new species differs from all the species in the uterus terminat- 
ing posteriorly a little behind middle of the body length ix., much in front of 
hinder end, in the greater length of its metraterm and smaller size of ova. Tlic 
intestinal caeca also diverge widely at the bifurcation in an arc-shaped manner 
unlike that in other species. 

Host : Scoliodon sorrakowah. 

Site ; Body cavity. 

Locality : Indian Ocean, South Indian waters. 

Key to the species of the genus Staphylorchis Travassos 

Intestinal caeca slightly slightly sinuous or straight; Acetabulum strikingly 
large, about twice the size of oral 5. largum (Luhe) Baylis, 1927, 

Intestinal caeca strongly sinuous ; suckers equal or oral sucker sligluly 
larger _ 

1. Genital pore prefurcal ; uterus not reaching hinder end ; oral sucker larger 
* scoliodonii n. sp. 
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Genital pore postfurcal ; uterus reaching hinder end ; suckers equal. 

. . ( 2 ) ^ 

2. Size small, 10*5 mm. long, 8mm.. broad ... 5. cymatodes (Johnston) 

Travossos, 1920. 

Size large, 25-40 mm. long, 20-30 mm. broad . . (3) 

3. Ovary slightly lobed ; receptaculum seminis 2*8 mm. in diameter 

S, gigas Samuel, 1952. 

Ovary mulberry shaped, receptaculum seminis 5-6 mm. by 3-5 mm. about 
double the size of either sucker S, parisi Grusz, 1957, 

It is difficult to ditermine the diagnosis of Staphylorchis sp. Dub. from the 
meager description available as given by Grusz (1957). It appears to be a new 
species, resembling S, gigas on the one hand and S, cymatodes on the other. 

PHYLOGENETIC DISCUSSION AND CLASSIFICATION OF THE FAMILY 
GORGODERIDAE LOOSS, 1901 

The position of the Gorgoderidae in the taxonomic system of the Digenea 
has not been determined as yet. Nicoll (1934) in the Zoological Record VI. 
Vermes placed it under Dicrocoelioidea. La Rue (1957) assigned it provisionally 
to the Allocreadioidea Nicoll, 1934. He remarked at the same time “The Allo- 
creadioidea as set up in this system contains such a variety of cercarial types as 
to present strong indication that the superfamily is not a natural one, and that 
it should be subdivided into several superfamilies, all more or loss closeley 
related.’’ On a close examination of the cercarial types — Macrocercariae 
and Rhopalocercariae which develop in Lamellibranchs of the families 
Sphaeriidae, Dreissenidae and Unionidae (Rhopalocercariae in Unionidae and 
Macrocercariae in Sphaeriidae and Dreissenidae) and life cycles and the adult 
morphology characteristics of the family we consider it necessary to create a new 
superfamily Gorgoderoidea under a new order Gorgoderida to accomodate the 
Gorgoderidae. The Cystocercous Macrocercariae and Rhopalocercariae possess 
long cylindrical unforked tail with its anterior end or basal part hollowed out form- 
ing a cavity to accomodate completely or partially the retracted body of the young 
distome. The tail in the Macrocercaria is considerably longer than the body and its 
anterior end with the cavity about one tenth or less of the total length. The oral 
sucker is armed with complicated stylet imbeded in the dorsal wall at right angles 
to the long axis of the body. In the Rhopalocercariae the stylet is absent and the 
tail is a little more than half the length of the body. The excretory bladder in 
both the types of these cercariae as well as in their adults is long, narrow cylindrical 
or tubular extending forwards to or a little behind posterior margin of acetabulum. 
Genital opening lies in front of acetabulum ; cirrus sac is absent. Development 
takes place in sporocysts in clams of the families Sphaeriidae, Dreissen'dae and 
Unionidae. 

Liihe (1909) includedinthekey of his group of Gystocercous cercariae, C. mirabilis 
M. Braun, 1891, C. macrocerca Filippi, 1854 {Gorgoderinae vitellilobae Sinitsin, 1905), 
C. Gorgoderae cygnoidis Kowalewski, 1904, C. Gorgoderae pagenstecheri Sinitsin, 1905, 
equivalent and synonymous to C. macrocerca of Thiry (I860) as considered by Sinitsin 
(1905) and Luhe (1909), C. varscviensis Sinitsin, 1905 and C, cystophora Wagener, 
1866. It is now well known that C, mirabilis Braun along with C. wrighti Ward, 
l9i6, C. Ward, 1916, C, macrostoma 1918, C. brookoveri'SssM^t, 1918, 

C, fuskaYx^in, C, splendens Szidat, 1932, are the Furcocystocercous cercariae 
which develop in rediae with rudimentary pharynx, have two-host life cycle and as 
shown by Szidat (1932) in C. mirabilis and C. splendens belong to the genus Azygia 


[ 149 ] 



(Family Azygiidae Odhner, 1911, Superfamily Azygioidea Skrj. and Gusclianskaja, 
1956). C. cystopkora Wagener as listed by Miller (1936) with C. oppcndiculata I’clsc- 
neer 1906, C. vaullegeardii Pelseneer, 1906, and several other ccrcariac for which Sewell 
(1922) created a separate group ‘Appendiculata’ and more recent and well dcscril)ed 
form C. sinitzini Rothschild, 1938 belong to the well known group of Cy.stopliorous 
cercariae which develop in rediae, and have a second intennediate Co]ic]:)ocl host 
in iheir life cycle. The Cystophorous cercariae belong to tlie Supcrfainily I Icniiu- 
roidea Faust, 1929 (Families Hemiuridae Ltihe, 1901 and Ilalipcgidac, Pochc, 192(i). 
Excluding the Furcocercous and Cystophorous cercariae from the Cystocercoius 
group of Luhe the remaining part consists of Gorgoderine cercariae which as 
separated by Liihe on account of their simple large unforked tails was called Ijy him 
Macrocrocariae or Macrocercous cercariae, the first known and descril)ed cercaria 
of which is Cercaria macro/erca Filippi, 1854. Ltihe mentioned that they possess 
piercing stylet and develop in sporocysts in Spkaerium. The latter author however, 
separated Rhopalocercous Cercariae as a group from Cystocercous Cercariae pcsssibly 
because he was unaware of the cyst forming character of their tail, though he 
clearly distinguished them as possessing unforked spineless tails of considerable 
thicknesswhich when contracted reaches almost or even exceeds l)readth of liody. laihe 
thus by his grouping of the Furcocystocercous, Macrocercous and Cystophorous 
cercariae in one large group attached importance to th<-. cyst forming cdiara.etcr of 
the tail containing chamber in its basal part in wliich tlie larval body be 

withdrawn as showing close natural affinity. We are in agreement with him in his 
estimate of the cystocercous character of the tail of these, iarva,e iieing of such a 
unifying and deep seated nature in these three groups so as to just ify thV.ir inclusion 
in one group. We do not conceive of this character as an example, of conve.rgvmce. 


Cercaria duplicata (Baer, 1827) included by Liihe (1909) in his group Rhopa.lo- 
cerke Cercariae and considered by him to develop into IPiylliulukmimu folium is 
closely related to the Macrocercariae. Fischthal (1951) who made. a. detailed study 
of Rhopalocercanae described five new species, all of which develop itt clams of the 
family Unionidae and lack a stylet. C'. mz/MCrca described by M iller in 1936 and 
placed by hirn with the Gorgoderine ccrcariac, but dilfering from iliein in laiddny 
a stylet, according to Fischthal is a transition form lictwee.n the. Macrocereariae, timl 
Rhopalocercariae. It resembles in body features the latter vitry eloselv, while its 
tail has definite features of the Macrocercariae. It also develops like the Rhoiitui- 
cercariae in clams of the Unionidae, whereas the Macrocercaritu^ (h'.v.dop in the <'o 
called finger-nail clams of the family Sphaeriidae. Aftef eomparing e.uiain 
features of the stumpy tailed microcercous cercaria of ICiyllodiM-unum folium deseribi'd 
by Sinitzin (1901), Macrocercariae and Rhopalocercariae Fischilud establishes their 
close relationship and traces their evolution which he repre.scnls in a, phylogmietie 
tree. The Macrocercariae, Rhopaocercariae and Microcercaria have arisam IVo.u a 
common unknown ancestor from which the Rhopalocercariae have diverged along 
one line and the Macrocercariae along the other. A further divergence oixurir' 1 a 

XffanirV'' i'hlMislornum JlUum of Sit.itzc u 

(1901) and tLe large group of Macrocercariae. He considerR (' . 

^Rankin (1939) and C. Gergodera amplicava of Kruil (1935) to he the ih(ist l iindlfve 

ihe entire length of the tail p.-sterior tt. t!m t * u- 
chamber is of the same width as the latter. <um u(n 


.uH recognized the close affinity of the Macrocercous (Gorgoderhud 

and C>stophorous poups of cercariae, hut he separated the Fnnm'VsUmercous 
cercariae from the Cystocercous Cercariae and included tliem in Liihe Amounof 
Furcocercous Ccrcarure uuder Iris «w -Mirabilis” sul.groui, .u;.;;! ’Lir 
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form discovered, Cercaria mirahilis Braun which he considered to form a natnmi 

group on account of close simiiarky of structure and difference in general appeal 

ance from other forked-tail forms. He thought that though Luhe included it ih the 
Gystocercous cercariae, it seemed to him that “the cystocercous character of the tail 
may be merely an example of convergence and not one of true relationship.” He 
mentions that the excretory system of the cercariae of the Mirabilis group^has the 
same fundamental plan as is found in the Furocercous cercariae. Sewell ditdded the 
group of Macrocercous cercariae after the separation off from it Cercaria mirahilis 
Braun into three^ subgroups, “Gorgodera” group, the “Gorgoderina’-' group, and the 
Appendiculata group. C. cystophora according to him exhibits affinities to the “Gor- 
goderina poup and the “Appendiculata” group. In the latter group he included 
C. appendiculata V(dstneer 1906, C. vaullegeardi Pehencer, 1906, C. Indicae XXXVV 
Sewell, 1922 pd G. cystophora Wagener. The excretory system of the latter cercaria 
he mentions strongly recalls the arrangement of the excretory canals in such a form 
us Gorgodera cygnoides (vide Looss, 1894. Fig. 125).” His definition of the group 
Appendiculam can apply to all the Cystophorous cercariae except that C. vaullegaurdii 
Pelseneer and C. capsuloru as mentioned by Miller differ from the other memLrs of 

S-ii f ^ they develop in sporocysts instead of in rediae. 

Miller (1936) has listed 15 cystophorous cercariae. 


Szidat (1932) fully dealt C. mirabilis Brsinn znd C. splendens Szidsit, \932 

and traced their development in the stomach of predatory fishes into the Trematodes 
of the genus Azygia Looss, 1899. He gave the name Cystocercaria to this group of 
Cystocercous gigantic cercariae in which he also included C. macrostma Faust, 1918 
C. brookoveri Faust, 1918, C. ivrightii VN’ard, 1917, and C.fusca Pratt, 1919. SewHl had 
placed these six cercariae in his Mirabilis group. C. mirabilis and C. macrostoma are 
the largest among them being 67 ? mm. long, giants among cercariae. Szidat finally 
decided to enlarge the range of the Strigeatoidea La Rue, 1926 by including the 
Furcocystocercous cercariae and their adults belonging to the genus Azygia Looss, 
separating them from all the other cercariae with a tail of cystocercous chracter, but 
he mentioned at the same time that the Order Strigeatoidea in that case is a combi- 
nation of two well separated parts of the system which do not appear to have a close 
relationship with one another. Wesenberg-Lund (1934) agreed with Szidat in his 
assignment of the Furcocystocercous cercariae to the Furocercariae and the Strige- 
atoidea saying that the excretory system appears to be constructed on the same 
plan as in the ' former and that Sewell, is probably right in supposing that the 
cystocercous character of the tail may be merely an example of convergence. He 
considered it most correct to regard them as a special group of Furcocercariae under 
the name of Cystocercaria, and divided the rest of the old group of Liihe into 
Macrocercaria as. maintained by Luhe and the remaining under the name of Sinitizin 
Crystomorpha which is indentical with the group Cystophora (Cystophorous 
cercariae). 


La Rue (1957) has included all families of the Digenea which have fork-tailed 
cercarae in the Order Strigeatoidea, which contains according to his latest concep- 
tion four suborders: Srigeata La Rue, 1926 with three superfamilies, Strigeoidea 
Railliet, 1919, Clinostomatoidea Dollfus, 1931, and Schistosomatoidea Stiles and 
Hassal, 1926; the suborder Azygiata La Rue, 1957 with the superfamilies Azygioidea 
Skrj. and Gusch., 1956 and Transversotrematoidea La Rue, 1957 ; the suborder 
Cyclocoelata La Rue, 1957 with the superfamily Cylocoeloidea Nicoll, 1934 : 
and suborder Brachylaimata La Rue, 1957 with the superfamilies Brachylaimoidea 
Allisson, 1943, Fellodistomatoidea La Rue, 1957 and Bueephaloidea La Rue, 1926. 
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1 - • fhf> rettni 0957) classification of the Digcnea i)y La Rue, 

I„o«td.sa,ss.on «„ th^^^^^^ i» probably 

\Ttk Id tte f»»cercous character polyphyletic. We eacladed the sob- 
monophyletic and we superfamily Azygioidea Skrj. and Cuuanskaja, 

order Azyiiala Jf and raised it to the order Azygiatoidea Mchra, 

1956 from the Slngeato^ g^J] 3 order Transversotremata for the superfamily Trans- 

1957 and have create ^ included under this order along with suliordcr 

v^rnttcmato^ea ^ea is characterised by the f.ircocpb.cercos 

Azygi^a. ine or cell groups in the tail ; mira.cidia with one 

cercariae develop mg m rediae ^ progenctie ; two host life- 

pair , ’ ? g in ^the adult near anterior end in front of ventral sucker or 

cycle ; genital P . f -eig in fishes. This order is closely related to the order 
SSatoidTaMeLa’. 1957 characterised by its highly specialized cystophorous or 
SS S cercarae developing in rediae with caudal excretory vessels and flame cell 
froS^in the tail ; protonephridia stenostomate, mam collecting vessels fused ante^ii- 
Sw ^miracidia non-ciliate, but with spinose anterior tip ; second intermediate host a 
. . .xenital onening in front of ventral sucker near anterior end. J his order 

sEfreseiblance to the^Azyigatoidea in fundamental features of adult morphology 

such as smooth cuticle, presence of genital pore m front of accUlmluni ju,<u oial 

■siirker or nharynx, excretory bladder tubular or y-shaped. It is also iirogcnetie and 
ItTcvstonhorous cercariae somewhat resemble Furcocystocercous cercariae ol Irans- 
versotremata n. so., which have a tail stem bearing a pair of anterior lateral arms. 
Sonarkar (1924) hinted that these anterior lateral projections of the tail may he 
considered to represent a lateral projection from the proximal end of tlu^ tad of the 
cercariae of the Cystophorous group. Rothschild (1938) also mentioned that the 
furcocystocercous cercariae of the Azygiidae Odlmcr winch encyst by withdrawing 
into their own tails represent a first stage in the evolution of the cystophorous 


cercariae. 


C.pekinensis Faust, 1921 probably represents a primitive type of furcocyslocer- 
cous cercariae. Szidat (1932) thought that C. stephcnocauda .Faust, ^ 1921 and C. 
pekinensis do not belong to the Furocystocercous group. Miller (193()), however, 
included besides the seven furcocystocercous cercariae dealt with by Szidat, four 
more cercariae in this group, namely C. pekinensis Faust, C. slephcmmuda Faust, 
C. melanophora Smith, 1932 and C. hodgesiana Smith, 1932. 

Faust mentions that * ‘the movement of C. pekinensis is characteristically that 
of the cystocercous larvae, namely, backward instead of forward, I'lic furci arc 
distictly flapper like’b He says that C, pekinensis bears a striking resend)lace to 
C. brookoveri Faust, 1918. It has a stenostomate type of proton ephrkUal system. Its 
sporocyst with pharyngeal sphincter at anterior end but without a gut resembles 
closely the redia of C. and C. described by Szidat (1932) and the 

sporocyst of C. brookoveri according to Faust. The encystment of C. p)ekinensis was 
not observed but he says that “it seems probable that it passes directly into the 
subsequent host without a latent period.’’ According to him though the tail becomes 
differentiated from the body of the developing cercariae soon after the germ 
ball stage, the furci appear late showing that in its development it fuiuhunentally 
differs from the furcocercaria of the Strigeatoidea, This shows that the furoccysto- 
cercous cercaria has been evolved along another line of ancestory than that of llic 
latter. 

The Macrocercous and Rhopalocercous cercariae constituting a natural group 
though distinctly separate from the Cystofurocercous Cercariae (Cystocercous 
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cercariae of Miller = Mirabilis group of Sewell) = Gystocercaria of Wesenberg 
. Lund) and Gystopliorous cercariae as defined by Sinitsin (1911) = (Appendiculata 
group of Sewell) on acconut of fundamental morphlogical differences and different 
life histories besides their resemblance in the cystocercous character of their tail 
present similarity in general morphological features of the adult into which they 
develop, and this shows that these three groups have a close natural affinity though 
they differ so much as to deserve the rank of separate orders in the taxonomic system 
of the Digenea. We reiterate as mentioned before (1957 and 1958) that the evolu- 
tion of the Digenea has probably taken place in three divergent lines from the 
primitive digenetic ancestor, one branch giving the Orders Fasciolatoidea Szidat, 
1936, Plagiorchiida La Rue, 1957 and Opisthorchiida La Rue, 1957, the other 
branch giving the Order Strigatoidea La Rue, 1926 and the third line giving the 
Orders Azygiatoidea Mehra, 1957, Hemiuratoidea Mehra, 1957, and the Gorgo- 
derida n.o. The new superfamily Gorgoderoidea though more closely related to 
the superfamilies Azygioidea Skrj. and Gusch. and Hemiuroidea Faust than to any 
other distome groups, differs so much from them as to necessitate the creation of 
the new Order Gorgoderida, which possess Macrocercarie and Rhopalocercariae with 
chacteristic specialization in the tail and body of these larvae. The stylet in the 
Macrocercariae is embeded in oral sucker dorsally to the mouth with its long axis at 
right angles and dorso-ventral to the body and pointed end directed upward unlike 
that of the Xiphidiocercariae in which it lies parallel to the body length with the 
pointed end directed forwards. Unlike that of the latter it is also complicated 
bearing several spioose points. The cercarial stylet, therefore, which is an adaptive 
organ differs remarkably in the Macrocercariae and Xiphidiocercariae showing that 
these two groups have no close affinity with one another. No stylet is present in the 
Rhopalocercariae which as they encyst within the chambers of their own transformed 
tails do not need a stylet, whereas in the case of stylet bearing macrocercariae a 
second intermediate host is required for encystment. The non-stylet C. mitocerca 
Miller, 1936, however, does not encyst within its macrocercous tail. The absence of 
stylet in the microcercaria of Phyllodistomum folium is attributed to the fact that 
it has no free living period as it encysts and becomes a metacarcaria within the 
sporocyst in which it has developed. The sporocysts with the encysted metacercariae 
emerge from the clam and are eaien by the definitive fish host. 

Fischthal (1951) who has traced the evolution of the cercariae in the Gorgo- 
deriidae thinks that these cercariae originated and first occurred in the hosts of the 
family Unionidae, later in the Sphaeriidae and finally in the Dreissenidae and that 
the cercariae of the two latter host families are closely related to each other. These 
assumptions are primarily based on the origin and relationship of the clam hosts. 
The rhopalocercariae which are parasitic in the Unionidae and have their daughter 
sporocysts occurring in the visceral mass of their hosts and are without stylets are 
probably primitive and are evolved from the ancestor along one line. The macro- 
cercariae which with the exception of C. mitocerca Miller have their hosts belonging 
to the Sphaeriidae with the daughter sporocysts occurring in their gills and possess 
stylets arose later along another divergent line and in these encystment occurs within 
second intermediate host. The macrocercous C. microcerca which has its host a clam 
of the family Unionidae and in which a stylet is absent and probably requires a 
second intermediate host connects the Macrocercariae and the Rhopalocercariae. It 
stands also near the divergence of the former and the microcercaria of C. phylLodist- 
mum folium Sinitzin (19 j 1) as originating from the common ancestor. The latter 
which possesses a degenerate stumpy tail has several features common to the rhopalo- 
cercariae such as absence of stylet, complete differentiation of all parts of the 
reproductive system, presence of an inactive tail and the lack of necessity for an 
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intermediate host for encystment. Some of the macroccrcariac also have their 
reproductive system differentiated into all the component parts and also have an 
inactive tail. 


The group of macrocercariae to which Krull in 1936 added Ccrcaria Corgodera 
amplidava, Steelman added C. raicauda in 1938 l)elonging to the ‘'Ciorgodcrina/' 
group and C. coeolcerca in 1939 belonging to the “Gorgodera” group, Goodchiid in 
1939 added in two separate papers, C. doncerca and C, conica which arc quite sinular 
but distinct from C. coleocerca, Rankin (1939) added Cer carta Gogodcrina aUentiaki^ 
Goodchiid (1939) C, phllodistomum solidiim and Baker (1943) C. sicelrnani is large, 
consisting of thirteen different species, of which C. Gorgoderina attenuata Rankin and 
C. Gorgodera amplicava Krull are the most primitive of all the macrocercariae and 
C, mitocerca Miller stands intermediate between the latter and the rhopalocercariae 
quite. close tc the probable ancestor of the latter. These with the six species of 
the rhopalocercariae C. von Baer, 1827, C. micromyae Fischthal, .951, C. 

catatonki Fischthal, 1951, C. honeyi Fischthal, 1951, C, pyriformis Fischthal 1951, 
and C.filicauda Yischthsly 1951 and Microcercaria C. Pliyllodistonium folium Sinitzin, 
1901 form a large natural group belonging to the family Gorgodcridae ol* the new siq)er- 
family Gorgoderoidea included in the new order Gorgodcrida. 'Fhc specialization 
undergone in the structure of the tail by the macrocercariae and rhopaloccu’cariae 


has so effected the development of the excretory system in the tail that the gi'owth. of 
the developing tail from the tissue between the excretory pores so shifts the. position 
of the latter that the lower portion of the primary tubules becomes bent a nd they 
come to open laterally at about the junction ()lT:he body with the developing tail. 
Thiry (1860) described a caudal excretory tube in C. tnacrocerca. According to 
Wesnberg-Lund (1934) in C. vitellilohae Ssin. and C. Gregodereac PagcmkcJmi Ssin. the 
excretory bladder gives off posteriorly a tube whic4i passes thr()ugh tluMUUire tail, 
but no opening was observed. Vickers (1941) refers to a group of small non-muscidar 
cells situated between the longitudinal muscle l)ands and the base of the tail from 
which a strand consisting of a chain of small elongated cells with oval nuclei runs 
down the centre of the tail to its extreme tip. This chain of ccAb he thinks is 
referred to as an excretory canal ])y Thiry (1860) and WeswnlHU’gdaiud (1934). He 
says ‘9t is certainly not a canal.*’ Fischthal also did not find a caudal excr<*tory 
canal in Rhopalocercariae. The latter author from the method ol' the devtdopment 
of the excretory system considers it impossible that a caudal (excretory canal can be 
present. So it is obvious that the special mode of development of the tail and its 
structural modification have secondarily entailed the loss ol caudal ex(*ret ory canal 
in these cercariae, and its absence, therefore, should not be considered as an objection 
to the relationship of the superfamily Gorgoderoidea Mchra 1958 of the. order Gorgo- 

derida Mehra, 1958 with the siiperfamilies Azygio idea Skr. and Gusch., 1956 and 
Transversotrematoidca La Rue, 1957 included in the order Azygiatoidea Melira,, 
1957 and the sr^^erfamily Hemiuroidea Faust, 1929 of the order llemiura.toiidea 
Mehra, 1957. The order Gorgoderida stands as an offshoot near the base ol' the 
giylogenetic branch along which the Azygiatoidea have becii ev()lved, whereax the 
Hemmratoidea which are much more specialized on account of their highly modified 
cystophorous type of cercariae and have a copepod as a second ir.tennediate host 
considered to have diverged off near the end of Azygiatoidea branch. 
Sfs represent a highly modified group of Digcnetic fish Urina- 

i?uTt morSmlo^ f lon undergone l)y many memlHus in their 

adult morphology. The adults of many He miiinds have 1)ecome modified in the 
posterior part of rhe body to form a tail or an abdomen “ocosozna” ca mbk of beinj 
retraced in the anterior part or “soma” in a telescoped condition which wlien fully 
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extended is as long or longer than the ‘‘soma.’' Didymozoidae Poche, 1907 included 
in this order is also a family of highly modified fish trematodes* 

The adults of the Gorgoderoidea (order Gorgoderida) are nonspinous distomes 
like those of the Azygioidea (order Azygiatiidea) and Hemiuroidea (order Hemiur- 
atoidea) as a rule with well developed suckers situated near one another. The genital 
opening in these three orders is situated anterior to acetabulum near anterior end. 
Cirrus sac is absent (present only in Azygioidea). The vitellaria are also similar, 
small as a rule, compact, lobed, follicular or branched in tubular or thread like 
branches, intercaecal, overlapping caeca or extracaecal. Uterus is large arid much 
coiled behind acetabulum. The excretory bladder is also similar generally tubular 
or Y-shaped, V-or U-shapped only in Bivesiculidae Vamaguti, 1939 of Azygioidea. 
Azygiatoidea are parasitic in the gut, generally the stomach of fishes (Teleosts and 
Selachii). The Hemiuratoidea are parasitic as a rule in the gut, usually the stomach 
of fishes (Halipegus in Amphibia). The Gorgoderida are parasitic in fishes (Selachii 
and Teleosts), Amphibians and Reptiles, mostly in ureters and urinary bladder of 
Amphibians and fishes, coelom of Selachii and in a few cases the stomach of fishes. 

Looss created the subfamily Gorgoderinae in 1899 with Gorgodera Looss, 1899 
as the type genus and the family Gorgoderidae in 1901; he also created in 1901 
under this family the subfamily Anaporrhutinae including under it the genera 
Anaporrhutum 1900 with A, albidum as the type species, Probolitrerna Looss, 

1902 wfith P. richardii (Lopez, 1899) Looss, 1902 as the type species and Plesiochorus 
Looss, 1901 with P. cymbiformis (Rud., 1919) Looss, 1901 as the type species. Under 
the subfamily Gorgoderinae he included besides Gorgodera Looss, 1899 the genera 
PhyllodistorriurriPimxm, 1899, with P. /oZzwtw (Olfers, 1816) Braun, 1899 as the type, 
Catoptroides Odhner, 1902 and Gorgoderina Looss, 1902 with G. simplex (Looss, 1899) 
Looss, 1902 as the type. The subfamily Anaporrhutinae Looss, 1901 contains Gor- 
goderids pai-asitic in the body cavity of the Selachii with the exception of the genus 
Plesiochorus Lss., which is parasitic in the urinary bladder of marine Chelonia. 
Odhner (1911) suggested that the genus Plesiochorus Lss. should be separated from 
the Anaporrhutinae and should constitute a new subfamily. Yamaguti (1958) 
created four new subfamilies under the Gorgoderidae, Phyllodistominae —for the 
genera Phyllodistomum Braun, 1899andG«rgo/rmfl Dayal, 1938, Probolitreminae for the 
genus Probolitrerna Looss, 1902, Xystretinae for the genus Xystretum Linton, 1910 
and Piesiochrinae for the genera Plesiochorus Looss, 1901 and Bicornuata Pearse, 1949. 
Of these subfamilies created by Yamaguti only Plesiochorinae is acceptable. 
This subfamily was created by me in February, 1958 as will be seen from 
the Proceedings of Abstracts of Papers of the 28th Annual session of the 
Nat. Acad. Sci. India, February 6-3, 1958. The subfamily Plesiochorinae Mehra 
1959 is characterised by the presence of pharynx and two simple but deeply 
lobed or branched symmetrical testes, genital pore immediately in front of 
acetabulum, vitellaria lobate and symmetrical apart from each other just behind 
acetabulum in front of testes, and parasitic in the urinary bladder or gall 
bladder of Chelonia. The subfamily Anaporrhutinae Lss. after the separation of 
Plesiochorus from it comprises large fieshy exclusively body cavity distome para- 
sites of Selachii with testes as a rule divided into a large number of follicles 
situated mostly external to intestinal caeca and vitellaria quite apart and at some dis- 
tance from each other intercaecal at or near the level of ovary, extracaecal only in 
Probolitrerna, There is no doubt that the subfamily Probolitreminae Yamaguti for 
the only genus Probolitrerna based only on the extracaecal position of the vitellaria is 
untenable, as this character stands in graded relationship to the position of the vitel- 
laria in other genera of the subfamily Anaporruhtinae Lss. The vitellaria in the 
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gtnmAnaponhulum though mostly intercaecal overlap the caeca ; in 

bolUrema they have shifted further outside so as to occupy a comp ttcb^ 
nnt;iti‘nn The testes which are partly intercaecal and paitly cxtiacatcai in Mqmtr 
lutum have become completely e^t^acaecal in Fro6olif«ma aud^^ genera of the 
Anarorrutinae Lss. The pattern of onganisation and tlic habitat of I robnUlnrna 
fonSs so much to that of the other genera of the attcr sulilanuly that this genus 
SSnot be separated from it. The subfamily Phyllodistorninac Yamaguti created on 
the basis of the character of the shape of the body resembles^ much the suf)lamily 
Gorgoderinae Lss. in the morphological pattern and totality of its orgiinisation. Luhe 
fl909) in his key of the genera of the Gorgoderinae Looss distinguislmd 
Looss and Gorgodera Looss from PhyWodistomum Braun and Galoptroidcs Odhner by the 
body shape-hinder body narrow in the former two genera and the hinder 
body broadened with two simple testes in the latter two genera, lande (1J37) 
who combined Phyllodistomum and Corgoderina into one genus drew attention to 
the opinions of Usborn (1903) and Sinitzin (1905) about the identity of 
these two genera. He also quoted Gort (1912) who thought “G. transulucida and 
?. americamum seemed almost to constitute a transition between these two 
genera”. Kaw (1950) supported Pande in combining P hyllodistMniim with Oorgodmna 
saying “the shape and external form is a variable clmractcr and cannot alone be 
considered of generic importance unless accompanied by other constant and im- 
portant modifications of the internal organs . P liylUdistotHUfti (xlttiofdi I «mde with «in 
elongated somewhat flattened body and wider post-acctal>ula,r region^ r(q)r<‘.seuts in 
our openion another transitional form between Phyllodislornmn and GorgoUerina. So 
when it is difficult to maintain even the individuality ol tlie two gtmera., tlu^ sub- 
family Phyllodistominae cannot be maintained axtd tltcrcfore must be dro|)pccL 
The distinction of the shape of body cannot indicate that constancy of a morpho- 
logical character on which a subfamily should be based. According to Byrd, 
Venard and Reiber (19^0) differences in the excretory system of P hylloduUmmm 
loronzi (Lown, 1935) and Corgoderina tanneri Olsen, 1937 arc so well marked as 
to justify the validity of these genera. These authors mention that the 
species investigated by them are differentiated into two groups 1 . Corgoderina- 
Catoprioides group in which the common collecting tubules arc long, reaching 
the bifurcation of the caeca before giving rist to anterior and posterior collect- 
ing tubules, 2. Phyllodistomiim-Gorgoderina group in which the common collecting 
tubules are short giving rise to the anterior and posterior collecting tul)ulcs 
behind the level of ventral sucker. Besides the common collecting tid)ules 
emerge from the bladder just behind its anterior termination in Gorgodera, 
Phyllodistomum and Catoptroides while the bladder in Corgoderina gives rise to two 
short dilated cornua from the ends of which the common collecting tubuh^s a.rise. 
In view of these findings it appears that in the present state of our knowledge tlic 
validity of the genera Phyolldistomum and Corgoderina should be maintained. Dobin 
Jr. (1957) giving account of Corgoderina parvicava Travassos, 1922 has shown that the 
genus Corgoderina Lss. parasitic in the Batrachia is a valid genus ; we arc in agree- 
ment with this. Phyllodistomum though it is predominantly a genus of fish distornes, 
is parasitic in Amphibians also, but Corgoderina is reported only from Amphibians. 


There is, however, unanimity of opinion (Lewis, 1935), (Lynch, 1936), (Bha- 
lerao, 1937) and (Yamaguti, 1950 and 1958) about the synonimity of the genera 
Phyllodistomum and Catoptroides, Kaw (1950) was right in doubting the validity of 
Phyllochorus Dayal, 1938. This genus as held by Yamaguti (1953 and 1958) is identical 
and synonymous to Phyllodistomum. We also agree with Yamaguti (195H) in con- 
sidering Plesiodistomum Dayal, 1949 as synonynous to Phyllodistorniim. 'The shape of 
jhe body, position of the vitellaria close to each other just Ixehind acetal)iiliim and 
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the general topography which is typical of the latter genus warrant it. The presence 
of pharynx in P. (Plesiodistomum) callichrous (Dayal, 1949) Yamaguti, 1958 which 
according to Dayal connects Phyllodistomum with the Anaporrhutinae Lss. may be 
considered as an example of reversion. 

The subfamily Xystretinae Yamaguti differs from Phyllodistomum only in 
the posterior union of the intestinal caeca. The latter have become united post- 
eriorly in Xystretum due to specialisation and this should not be considered as a basis 
of subfamily distinction. The close similarity in organisation and. habitat in the 
urinary bladder of fishes of Xystretum and Phyllodistomum shows their close relation- 
ship and hence their inclusion in the same subfamily, therefore, the ^ subfamily 
Xystretinae must be dropped. The purpose of a natural system of classification is 
not served if subfamilies are created on minor or rather generic characters without 
taking into account the similarity of organisation pattern of the genera included 
in them signifying close relationship. 

There is no doubt that the ancestor of the family Gorgoderidae was an elongat- 
ed distome probably parasite in fishes like Azgiids and primitive Hemiurids. 
It possessed a pharynx and two simple testes. The genera Gorgoderina Looss and 
Corgodera resemble the ancestor in the shape of their body but they differ in lacking 
the pharynx. It appears that the trend in the evolution of most genera of the 
family was generally towards flattening and broadening of the body from about 
or behind the acetabulum and this has reached almost its culminating point in the 
genera of the subfamily Anaporrhutinae Lss. The genera Bicornuata Pears, 1949 and 
Plesiochorus Looss, 1902, which have a somewhat broadened body, uniformly broad- 
ened in Bicornuata and broadened behind acetabulum in Plesiochorus of the subfamily 
Plesiochorinae stand close to the ancestor. The genus Phyllodistomum which we 
include in the subfamily Gorgoderinae Lss. comprising a large number of species 
with broadened foliate post-acetabular hind body sharply set off from the pre-ace- 
tabular neck region with two simple testes is, as discussed already, closely related to 
Gorgoderina Lss. and has been evolved from it through the same common ances- 
tor. From near the ancestor of Bicornuata Pears and Plesiochorus Looss have been 
evolvedalong one line the genera of the subfamily Anaporrhutinae Looss which 
possess the pharynx, and along another line the genera of the subfamily Gorgoderinae 
Looss which lack it. The innate tendency of the two primitive testes of the 
ancestor, entire in Gorgoderina and as a rule lobate in Phyllodistomum towards splitting 
up into follicles has resulted in their subdivision into a number of follicles arranged 
in two longitudinal rows in Gorgodcra Looss as derived from Gorgoderina Looss and 
into a large number of follicles irregularly scattered in Gorgotrema Dayal, 1938 as 
derived from Phyllodistomum Braun. There is no doubt that Gargotrema Dayal is 
closely related to the latter genus on account of similarity in the shape of its body, 
absence of pharynx, in the position and shape of the vitellaria close to one another 
just behind acetabulum, but it is specialised or more advanced in possessing lateral 
branches of the excretory bladder and large number of testes follicles. In the sub- 
family Anaporrutinae Lss. the testes are divided into numerous small follicles except 
mPetalodiostmum]Qhn?>toii, 1914 in which they are deeply incized or divided into 
several large pieces showing an incipient stage of their subdivision into follicles. They 
are extra-caecal except in Anaporrhutum in which they are partly internal and partly 
external to intestinal caeca ; they are intercaecal in the Gorgoderinae occupying a 
primitive position. The testes in the Plesiochorinae are deeply lobed or branched 
and are partly inter-caecal and partly extra-caecal showing an intermediate condition 
between that of the ancestor and of the Anaporrhutinae. 
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The Anaporrhutinae Looss are large sized Gorrgodendae with distinctly liroad. 
flattened petaloid, almost oval or rounded body ; muscular pharynx present, caeca 
usually knuous or strongly winding with outgrowths only in I ctalodutornum and 
Genital pore immediately post-bifurcal or immediately pre-bifurcal. Ke- 

ceptaculum seminis large ; Laurer’s canal absent ; metratenn long, tulmlai. Irimi- 
tive testes divided into several pieces or follicles, lateral outside caeca, sometime 
overreaching them and partly inter-caecal Vitcllaria apart IVom 

each other, lobed, dendriric or branched consisting of tubular acini, niter-caecal 
at or near level of ovary, extra-caecal and pre-testicular in Frobolilnma. Pa,ra,sitic 
in body cavity of Salachii (sharks and rays). 

Tht gtnus> Anaporrhutum 1903 with wide simple caeca, ^ acetabulum 

near oral sucker, testes divided into symmetrical grape like ])unches of follicles over- 
lapping and outside caeca and partly inter-caecal, vitellaria dendritic just inside 
caeca at level of ovary and re ceptaculum seminis represents probably the primitive 
genus which comes near the ancestor of the subfamily from which have lieen evolved 
the genera Petalodistomum Johnston, 1914 and Nagaty, 1 930 along one line, 

Travassos along the second and probditrema along tlie third line. Tlic 
genera Fctloadistowum and N<xgmia have caeca provided with outgrowths, testers dt^ep- 
ly incised or divided into a few lobes in the former or into grape like, symnudrical 
bunches of follicles in the latter, vitellaria inter-caecal consisting of tid)id:ir acini at 
level of ovary and excretory bladder with or without lateral branches. I'lu^ geims 
Staphylorchis has strongly winding simple caeca, testes divided into numerous small 
widely diffused extracaecal follicles, vitellaria divided into tubidar or thnnad like 
lobiiles situated inside caeca at or near level of ovary and long mirrow tubular 
bladder without side branches. 

The following schematic tree illustrates the above mentioned pliylogcnetic 
relatiohship of the genera of the family Gorgodcridae. 
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ORDER GORGODERIDA MEHRA, 1958 


Diagnosis : Gercariae. — Macrocercous, Rhopalocercous and Micrcercous 
(Microcercaria of Phylbdistomum folium). Adults with pre-equatorial acetabulum, 
genital opening median preacetabular, postbifurcal, rarely pre-bifurcal, near 
anterior end. Cirrus sac absent. Ovary intercaecal closely or a little behind 
acetabulum. Excretory bladder narrow, long, tubular. Protonephridial system 
mesostomate. Development of cercariae in sporocysts. Two host life cycle, usually 
second intermemidiate host required by stylet bearing macrocercariae for encystment. 

SaPERFAMILY GORGODEROIPEA MEHRA, 1958 

Diagnosis ; The same as for the order Gorgoderida Mehra, 1958. 

FAMILY GORGODERIDAE LOOSS, 1901 

Diagnosis : Superfamily Gorgoderoidea. Body as a rule smooth, nan-spinous, 
rarely papillate. Suckers well developed. Acetabulum pie-equatorial Pharynx 
prsent or absent ; caeca simple, accasionally with ougrowths, or sinuaus reaching 
to near hinder end, occasionally united at posterior and (Xystretum). Genital open- 
ing median, pre*acetabular, pre-testicular, post-bifurcal, occasionally pre-bifurcal. 
Cirrus sac absent. Ovary intercaecal, submedian’ post-acetabular, in testicular 
zone or a little anterior to it. Receptaculum seminis present or absent ; Laurer’s 
canal absent or present. Testes post-acetabular, two campact, lobate or sometimes 
entire, or divided into several pieces or many follicles, intercaecal, overlapping 
caeca or extracaecal, symmetrical or asymmetrical. Vitellaria double, post-aceta- 
bular, small, compact, lobate or dendritic or branched into small tubular or thread 
like branches, intercaecal or occasionally extracaecal and pretesticular {Probolitrema). 
Uterus usually intercaecal, occasionally overlapping caeca or intruding into extra- 
caecal fields. Metraterm present or absent. Excretory bladder tubular, semetimes 
Y-shaped, Protoneshridial system mesostomate. Excretory opening at or near 
posterior end. Eggs fairly large, numerous. Cercariae Macrocercous or Rhopalo- 
cercous or Microcercous (Phyllodiitomum folium) developing in sporocysts. Two 
host life cycle, usually second intermediate host required by stylet bearing macro- 
cercariae for encystment. Hosts fishes, amphibians and reptiles. 

Type genus : Gergodera Looss, 1899. 

KEY TO SUBFAMILIES OF GORGODERIDAE 

Ph irynx absent 

Pharynx present . , 

Testes two, not divided into pieces or follicles ; parasites 
of reptiles 

Testes devided into several pieces or follicles ; parasities 
of body cavity of Selachii 

GORGODERINAE LOOSS, 1896 

Subfamily diagnosis. — Gorgoderidae : Body elodgated or divided more or less 
distinctly into a narrow forebody tapering anteriorly and broadened fiat foliate, 


1 . 

2 . 


Gorgodcrinae 

2 

Plesiochorinae 

Anaporrhutinae 


[ 159 ] 



oval or rounded hindbody. Pharynx absent ; oesophagus short, moderately long or 
lonv • caeca simple, terminating blindly or united posteriorly. . estes two, compact, 
entire or lobed or divided into follicles, intercaccal and situated bclimd vitellaria. 

Ovary intercaecal, submedian or median, pretesticular. Rcceptaculum seminis 
abs-nt Vitellaria compact, lobate, intercaecal, near each other, prcovarian or m 
level with ovary. Genital opening postbifurcaL Parasitic in urinary liladder oi 
fishes and amphibians. 

Type genus : Gorgodera Looss, 1899. 


KEY TO GENERA OF GORGODERINAE 


L 


2 . 


4. 


3. 


Testes two undivided 

Testes divided into pieces or follicles 

Body elongated cylindrical or subcylindrical 

Body divided into narrow forebody tapering anteriorly 
and broadened hindbody 

Caeca united posteriorly • • 

Caeca ending blindly . . 


.. ( 2 ) 

.. (3) 
Gorgoderina 

.. (4) 

Xystrehwi 
Phyllodlstomum 


Body elongated, not divided into regions : testes follicles 
arranged in two longitudinal rows 


Gorgodera 


Body divided into narrow forebody and expanded foliate 
hindbody; testes follicles scattered irregularly in anterior 
half of posterior portion • . Gorgolrcma 


PLESIOGHORINAEMEHRA, 1958 

Subfamily diagnosis. — Gorgoderidae : Body stout, elongated, somewhat broad- 
end, somewhat constricted in acetabular region. Acetabulum large. Pluiryux 
present ; oesophagus very short or absent ; caeca more or less sinuous, 'restes deejily 
lobed or branched, symmetrical, intercaecal, and overlapping cn.eca, situated 
behind ovary and vitellaria. Ovary intercaecal, submedian, immediately bcliimi 
acetabulum. Vitellaria small, lobate, symmetrical, apart from one another, im- 
mediately post-acetabular, overlaping caeca and sometimes partly cxtraeaccaJ. 
Genital opening median immediately in front of acetabulum. Parasitic in uriujiry 
badder or gall bladder of turtles. 

Type genus : Plesiochorus Looss, 1901. 


KEY TO GENERA OF PLESIOCHORINAE 

Posterior end of body and inner margin of acetabulum bicoruuatc 

laterally ; testes branched , , Bicorniiaia 

Posterior end of body and inner margin of acetabulum not Ificornu. 

ate laterally ; testes lobed . . Plesiochorus 
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ANAPORRHUTINAE LOOSS, 1901 

Subfamily diagnosis.'— Gorgoderidae : Body petaloid, oval or almost rounded, 
large, more or less pointed anteriorly. Acetabulum pre-equatorial, usually near 
anterior end. Pharynx present; oesophagus short, very short or absent; caeca 
usually sinuous or strongly winding, occasionally almost straight, simple or provided 
with outgrowths. Testes lateral, divided into a few large lobed pieces or into nu- 
merous follicles, extracaecal, sometimes overlapping caeca and partly intercaecal. 
Ovary small median or submedian, post-acetabnlar between two vitellaria. Recepta- 
culum seminis large ; Lanterns canal absent. Metraterm well developed and tubular. 
Vitellaria post-acetabular, quite apart and at some distance from one another, 
deeply lobed, dendritic or branched into small tubular or thread like acini, inter- 
caecal, extracaecal and pretesticular in Probolitrema. Excretory bladder tubular with 
or withou lateral branches. Parasitic in body cavity of Selachii. 

Type genus ; Anaporrhutum Ofenheim, 1900. 

KEY TO GENERRA OF ANAPORRHUTINAE 

1. Vitellaria extracaecal 
Vitellaria intercaecal 

2. Intestinal caeca with ougrowths . . ^ 

Intestinal caeca without outgrowths . . 4 

3. Testes divided into a few large lobed pieces ; vitellaria 

mutilobulate • • Petalodislomvm 

Testes divided into many follicles forming grape like bun- 

che s ; vitellaria consisting of tubular acini . . Nagmia 

4. Testes divided into numerous widely diffused small follic- 

les outside caeca ; caeca strongly winding . . Staphylorchis 

Testes divided into grape like bunches of numerous small 
follicles partly extracaecal and partly intercaecal; caeca 
not winding . . Anaporrkutvm 
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ON THE SKELETAL SYSTEM OF POLISTES MEBILAEUS (FABR.) 

By 

R. D. SAKSENA 
B. R. College, Agra 
[Received on 21st December, 1959J 
INTRODUCTION 

The study of Hymenopterous insects has always attracted attention of 
entomologists and many of the early workers studied the skeletal system in parts. 
Jurine and Ghabbiet described the hymenopterous thorax but Latteille was the 
lirst to establish that in Hymenopterin Apocrita the first abdominal tergite has lost 
its relation to the abdomen and is deposited on the dorsal wall of the thorax • 
Braiier (1882) and Amans (1885) corroborated Latreille’s observations. Later on’ 
Grampton, in a series of papers on the development of the thoracic selerites in the 
different orders of insects, dealt with the exoskelcton of i lymeaoptera in details 
The study of the head of Hymenoptera dates back to 1881 when MacloskiV 
published his work on Bees. He was lollowed by Schenk (1861) ; Ruhland (18881 ”■ 
Child (1894) ; Vogel (1911) ; Mclndoo (1916) ; Nelson (1918) who was perhaps the 
first to study the abdominal selerites of the honey bee and it was Snodgrass, wlio 
gave a detailed account of the various plates and their development. But the Work 
on the morphology of Polistes is sigularly scanty ; hence it is attempted to present 

the detailed study of the skeletal system of 


material and methods 


The insects were caught on wings and their skeleton was studied after 
killing them in cyanide bottles. Permanent preparations of dilfereut parts were 
made in the usual way. Hard Ghitinous parts were Iroiled in 1 % potassium 
hydroxide solution and were successfully stained in Ziel’s Garbol Fuchsin and 
mounted in balsam. 

Observation— Tht skeletal system in Polistes consists of an exoskelcton of 
selerites and a hard chitinous endoskeleton forming tentoria or furcae within the 
body. The selerites, which form a thick chitinous shield for the body, are provided 
with setae thirily scattered all over except at the posterior margin of the telson, and 
the distal portion of the leg. Hie skeletal plates also bear externally various kinds 
of ridges, carinae, furrows, spots, pits and bands, as well as rough surfaces inter- 
nally. The description of the skeletal system may be conveniently divided under 
three heads viz. the Head, Thorax and Abdomen. 


The Head.— The head of Polistes is composed of six chitinous plates or selerites 
t.e., one clypeus, two frons, two genae and one occepital plate. In the adult 
however, the sutures of these individual plates are more or less obscure so that only 
the clypeus is well marked. ^ 


— jLiic sutures ^ri. i, ng 

the great reduction of frons. It can be seen 
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line running from the scrob to the front ocellus, beyond which it becomes untrace- 
able. The occipital suture (Pi. I, Fig. 1, Oc. Su.) is quite prominently visible round 
the posterior portion of the head, with a shallow notch at the vertex. It ends 
ventrally on each side of the head before the mandibular articulation, where it 
becomes almost indistinct. The internal cuticular ridge of this suture strengthens 
the cranial walls. The post occipital suture (PI. 1, Fig. 1, Po. Su.) very closely 
surrounds the occipital foramen lorming very strong occipital ridge internally to 
which neck and prothoracic muscles are attached. This ridge is produced ventro- 
laterally on each side in a small process — the occipital condyle to which the cervical 
sclerites articulate. Two pits on either ventrolateral side of this suture mark the 
position of the origin of the posterior arms of the tentorium. The Pleurostomal and 
hypostomal (PL I, Fig. 2, Hst.) areas are completely fused. The hyposiomal areas 
extend narrowly mesad and unite forming a hypostomal bridge which closes the 
occipital foramen ventrally and separates it from the gular fossa. The ocular, 
ocellar and antennal sutures surround the orbits of the compound eyes, the ocelli and 
the antennae respectively. The subgenal suture (PI. I, Fig. 1 and 2 Sg, Su.) also 
exists in between the mandibles and the genae. It meets the clypeus anteriorly and is 
continued into the geno-clypeal suture (PI. I, Fig. 1, Ge. Su.) running dorsaliy along 
the clypeus. The anterior arms of the tentorium arise from this place and their 
origin is indicated by pits externally. The Epistomal suture is extremely prominent 
in between the frons and clypeus and it owes its peculiar outline (PI. I, Fig. 1. 
E. Su.) to the characteristic shape of the clypeus. It laterally meets the genoclypeal 
suture. 

Clypeus. — The clypeus is more or less flat in male and anteriorly convex in the 
female. This is significant due to the comb-making habits of the workers. The 
curvature of the plate probably gives more space to the lower chamber of the 
buccal cavity and is of importance in the chewing of fibres into a pulp for nest- 
building. It is heptagonal in female and somewhat shield-shaped in male as shown 
in the figure (PI. I, Fig. 7.) It occupies lower half of the head ; sparsely clothed 
with fine yellowish brown setae, which are relatively stouter and longer than else- 
where, specially so at the oral third, besides being denser ; slightly broader than 
long and nearly half as long as broad ; tentorial pits at the lateral margins ; oral 
border black, highly chitinised and angularly projected in the middle as to over- 
hang the mouth ; prolonged into irregular lobes laterally, very prominent in males, 
in between the genae and mandibles. ’ 

Frons. — The two f rentals (PI. I, Fig. 1, Fr.) which occupy the upper portion of 
the head are fused together to form a median epicranial suture, which is iu distinct 
except in the interscrobal ridge. They cover one-third of the length of the face • 
as sparsely clothed with yellowish brown setae as the clypeus but denser along the 
ridge ; ventro-lateral angles produced into a triangular prolongation in female and 
subtriangular in male in between the eyes and the upper lateral margin of the 
clypeus at the base of these processes they surround the fourfifths of the antennal 
socket. In the upper third they have a subtriangular lateral process forming the 
sinuate ocular border. There is a fine reddish brown spiny process between the 
antennal socket, very prominent in males. 

Genae. — The parietals and genae are closely fused into one and surround the 
compound eye on the ventral and posterior sides. As the eye remains far above 
the mandibular articulation, a large area of gena intervenes in between, and meets 
the lower lateral margin of the clypeus. It is continued further to a short distance 
in male, owing to which the ocular margin does not touch the clypeus. The 
geno-clypeal suture is distinct although not very long. 
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Fig. L 
Fig. 2. 


^ . PLATE I 

Front view of the head of a worker. 

Postero'lateral view of the head of Polistis 


with its connection to the neck, 
pig, 3. Lateral view of the tentorial pillar. 


Fig. 4. Back view of Lite terUoriuin. 

Fig. 5. Antcnnary imiscks and tentorium. 

Fig. 6. Attachment orcervic.il sclerite over proplcurotl. 
Fig, 7. The clypeus ofa, male. 
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Occipital ’plate fig. 2,0c) oiiiht posterior surface of the head is 

a horse-shoe shaped band arching over the occipital foramen on the dorsal ard 
lateral sides. The postgenae form the ventral boundary of the occipital foramen by 
means of a gular or hypostomal bridge. 

The Internal Skeleton of the head. — The sutures generally mark^ the presence^ of 
endoskeletal ridges of cuticula. Such chitinuous ridg€s, beside strengthening 
provide for the attachment of muscles. In between the front and back walls of the 
cranium, there exists two large oblique chitinuous bars tentoria^ (Pi. I, Figs. 2, 3, 
4 and 5, ten,) forming stout pillars. The two ends of each are broad, the anterior 
running laterally beneath and along the orbital margin, and the posterior forming 
the lateral and partly posterior boundaries of the occipital foramen, already 
mertioned. They act as powerful braces between the two walls of the head. Each 
pillar is a broad plate somewhat twisted about its middle. Its margins are specially 
chitinised into rod-like structures, the arms of the tentorium. The arm, forming its 
ventro-iateral margin meets the clypeus at its ventral corners and also forms the 
dorso-lateral border of the occipital foramen at the other end. Berlese has named 
it as Tentorium longUudinale (PL I, Figs. 3, 4 and 5, Ten. I ). The next arm, which is 
to be found at the dorsal margin of the pillar-like structure runs between the base 
of the antenna and the ventral end of 'the occipital foramen called Tentorium longitu- 
dinal antennalis (PL I, Figs. 3, 4 and 5 Ten, la.). It is more or less transverse, A 
third arm runs from the lateral margin of the clypeus and meets the other two at 
the point of the twist in the middle of the pillar and is termed as clypeo-frontal 
branch of the tentorium longitudinale (PL I, Figs. 3, 4 and 5 Ten. cf.). 

These pillars provide important attachments to the musculature of the mouth, 
parts and antennae. Through the space between the two pillars the oesophagus, 
nerve cord and tracheal trunks pass into the cavity of the head. From the dorsal 
end of each pillar, a thin chitinous arm Tentorium transversal (TeUy t.) runs dorsally 
and meets its fellow of the other side, forming a process at the junction (PL I, Pig. 
4, X.). This can be easily seen through the occipital foramen and ventral to this 
foramen is the big fossa-the gula. The walls of the occipital foramen and the 
gular fossa are raised into horizontal ridges Tentorium occipital {Ten. Ocp) projecting 
into the cavity of the head for the suspenstion of the mouih parts. These ridges are 
thickened at their inner margins and a process (Figs 3 and 5 a; 1) projects into the 
cavity of the head from each side. The ridges, the processes, the fossal and cranial 
plates with the rest of the tentoria provide attachment to the musculature of the 
mouth parts and antenna. 

The head is articulated to the thorax by means of special lateral plates, the 
cervical sclerites, one on either side. Each plate appears in the form of a process 
originating from the antero-lateral margin of the pro thoracic pleurite. They are 
very closely attached to the lateral sides of the anterior margin of the propleuron 
(PL I, Fig, 6 , P. PL). From the base of each of them two long apodemal apophyses 
run, one along the postero-lateral side and the other ventrally inwards a short dis- 
tance and terminating abruptly by forming a thick rod-like structure to which 
important muscles from the furca are attached. The cervical sclerite (PL I, Figs .2 
and 6 Cer.) is a small somewhat club-shaped plate with a knob-like fulcra! point at 
the anterior and two apophyses at the posterior end. The knob articulates with the 
horizontal processes of the lateral margin of the occipital foramen. The body of the 
cervical sclerite is perforated by a foramen round which several muscles are attached, 
which arise on the back of the head or on the pronotum. This aperture presumably 
is to give a secure attachment to the tendon for the easy manipulation of the head 
There is a dense fringe of fine long setae round this aperture. 
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I’LATE II 


Fig. 1 . Lateral view of the various sclerites of the thorax. Fig. 4. Vctitral view of the Mcsoscutuin. 

Fig. 2. Dorsal view of the protergite. Fig. 5. Lateral view of the mesothorax with its various 

Fig. 3. Ventral view of the propleura. component sclcritcs. 


I 


E|%su. 


FIG. 9 

r ' 


PLATE II (cdntinued). 

Fig* 6, Ventral view of the meso-scutellum, 

Fig* 7* Dorsal view of the mesopleura after removing mesoterga showing mesofurca in situs. 
Fig* 8* Dorsal view of the post-scutellum. 
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Thorax.— Tat thorax consists of four highly modified scgmcals, viz., the tliree 
thoracic and the first anterior-most abdominal, the propodeum (PI. II, Fig. 1). The 
oro-and metathoracic portions are very narrow, while most of the thorax is occupied 
by the mcsothorax and the propodeum. The lateral and ventral portions of the 
prothorax are distinctly separated off from the rest of tlic thorax. Each thoracic 
segment consists of a dorsal tergite, a pair of a lateral plcurites and a ventral stcrnitc. 
Nearly all these plales are further subdivided into smaller component sclerites. 

P rolhor ax— Sinct the parts of the prothorax have liecn more or hiss completely 
dissociated, the tergum and the pleurosternum do not appear to belong to the. same 
segment. In fact a wide membrane separates them and tlicre is no direct articula- 
tion in between. The prothorax, as seen from the dorsal side, occupies only the 
fifteenth part of the whole thoracic length but as seen laterally it appears to be about 
one third. 

Tht proter gum consists of two plates, viz-, an anterior prc-sculum and a posterior 
Pro-scutelium, The Pro-scutum (PI. 11, Fig. 2 P Sc.) is an incomplete ring set like a 
collar over the anterior border of the thorax. Its niaximum expanse sideways is 
about two thirds of what it is at the thorax. The anterior margin of this plate h 
bounded by a thick cuticular phragina to the under and inner side of which the 
cervical membrane is attached. Its lateral arms taper, curve to the vtuhral side 
and terminate in an acute point fornimg the later()-c(>xari)ri(lge <)f llu^ front leg. 
The pro-scutellum (PL 11, Fig. 2, P St.) is very narrow mesially ratli(*r indisiniguishiil)lc 
from the phragma of the scutum, broadly triangulated late rad. Its postero-la-tcral 
margin is produced into a small process concave in its superior third contiguous 
with anterior margin of mes-epimeron and again concave in its inferior two thirds 
contiguous with the anterior margin of the mes-anejnsternum- Only a, prominent 
ridge of this plate is visible in the mid-dorsal line. But latenilly it covers :il)t)ut 
one third of the thoracic length. In the deep notch formed by tlic reduction of 
the Pro-s(Utelliim on the dorsal side is fitted tlie large oval anterior half of the 
mesothoracic scutum. Underneath the middle lol)c of the posterior ina.rgin of 
this plate is concealed the first thoracic spiracle in the intcrscgmenta.1 memliranc. 

The propleura (PL II, Figs. 1 and 3, PpL) arc very largtg sonu'wluil convex 
plates looking like isosceles traingles. Each plate extend vcntrally and I’iosiin'iorly 
almost meeting its fellow of the other side. It is nearly half as Jong as the prothorax 
when seen in a lateral view and half as liroad as the thorax* A faint median 
suture divides the propleurites into an anterior and a posterior portion, which may 
be regarded as pro-epimeron and pro-episternum respectively. The a.uterior inner angle 
of the pro-epimeron just touches the point of attachment of the cervical sclerites and 
its base forms the lateral wall of the coxal fossa which is bounded hy the episternum 
posteriorly. 

The prosternum (PL III, Figs. 6 and 7, Pstn) consists of an anterior triagular 
plate which lies hidden under the propleurites just anterior to the l);ise oi‘ the front 
coxae. The lateral edges of these plates are attached to the episternum vcntrally. 
The posterior part of the prostemum lies exposed between the two front coxae in 
the form of two adjacent flat plates bent abruptly upwards, l liey l)ear a strong 
furca, (PL III, Fig, 7, PF.) which provides for muscle-attacluncut. Here the sup- 
pression of the sternum has partly taken place i e , the anterior portion has been 
overlapped while the posterior has not changed its position. The fore-legs arc 
independent of the sternum and are simply connected to it by means of a thin 
membrane only. 
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MssothoTUx » It occupies the major portion of the insect’s thorax and its large 
size is most suited to lodge the powerful mesothoracic mucles, which work both 
the pair of wings. 

The mesoter gum is a broad subtriangular plate rounded anteriorly, almost 
straight posteriorly. A transverse suture in the caudal fourth divides 'it into 
an anterior meso-scutum and a posterior mesoscutellum (PL 11, Figs. 1-5, Ms and 
Msct,) the former is slightly over two thirds of the latter and a bit less than 
one third of the mesothorax which covers about two thirds of the whole thorax in 
length and^ breadth. The anterior notal wing processes of the former {anp) and 
the posterior notal-wing {pnp) processes of the later support the articulation 
of the wings. The mesoscutum forms a roof over the mesothorax and is fitted into 
the notch formed as a result of suppression of the proscutellum. Its posterolateral 
margins have prominent apodemal ridges touching over the tegulae (T). The 
mesoscutellum is a narrow subquadrate plate with rounded angles. Not only the 
external suture separates it from the mesoscutum, but the existence of a stout notal 
ridge situated internally further sets it apart. To the posterior margins of the 7 neso 
scutelliim articulate the thin lateral arms of a large triangularly convex plate, which 
is, in fact, its own posterior extension and may therefore be termed as the Post 
scutellum (PL II, Figs. 5 and 8 , Po, St.), It more or less lies internally within the 
body cavity and is invisible from the outside except at the extreme lateral ends 
underneath the base of the front pair of wings. Its phragmata provides a very 
important place for muscle attachment. The particular position of this plate prob- 
ably helps in the rapid vibrations of the wings. 

The mesopleuron (PL II, Fig. 1, MpL and Fig. 9.) covers the largest area 
nearly one half the length laterally extending on each side between the pronotum 
anteriorly and the metapleuron and the coxa of the middle leg posteriorly. The 
uppermost part of this plate is composed of a minute sclerite, the rudimentary 
epimeron (Epm.). Its posterior margin is expanded into an irregular wide horizontal 
plate with processes lying below the base of the anterior pair of wings. The epime- 
ron is continued ventro-posteriorly into a narrow strip along almost half the length 
of the metapleural suture. It articulates with the end of the postscutellum. From 
the antero-superior portion of the mesopleuron is cut off a dorsal triangular plate 
covering a little less than one fourth of its area — the anepisternal [Aeps,) plate from 
the main body of the sclerite which is the episternum {Eps^). 

The mesostermm in wasp resembles very closely that of the honey bee. It 
forms the ventral region of the pleurosternal area of the mesothorax. Both the 
lateral episternites are continued ventrally. They fuse together by a midventral 
suture. A marginal band of mesosternum (PL III, Fig. 8, Mb.) is raised anteriorly 
into a Carina while its main body is seen as a very thin line running between the mid 
ventral episternal suture (PL II, Fig. 9, Eps. Su-). This extremely thin portion of the 
mesosternum can be seen to be joining the above mentioned marginal band and can 
be posteriorly traced up to a wide depression of the posterior part of the sternum 
which projects between the meso-coxal cavities. The middle coxal process arises 
from the pleurosternite plates, whose posterior margins form the antecostal bridge. 
In the mesothorax, it is apparent that the sternum is almost suppressed and only its 
rudiments exist in the form of marginal band and a midepisternal sutural line. The 
greater part of its body has entered the thoracic capsule to form a very strong furca 
to which the powerful wing muscles are attached. 

The Metathorax (PL II, Fig. 1, Mt, L) is a very highly reduced narrow segment 
about two thirds of the mesoscutellum in length. It comprises a few sclerites, 
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PLATE III 

Fig. 1. Inner view of the eighth stcrnite of male. Fig. 6. Lateral view of the prothoracic lure a dissected 

Fig. 2. Inner view of the eighth tergite of male. longitudinally. 

Fig. 3. Inner view of the Lamina annularis of male. Fig. 7. Prothoracic furca as seen from the antenor side? 

Fig, 4. Membranous plate under male genitalia. Fig. 8. Lateral view ofnicso and mela-thoracic lurca# 

Fig. 5. Ninth stcrnite of the male; 
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which form an arch in between the mesothorax and the propodeum. The posterior 
pair of wings is attached to its lateral extremities. 

The metakrgum (PL II, Fig. 1, MtpL and PL IV, Fig. 1.) is an oblong sclerite 
somewhat narrower laterad than mesad, where it carries the anterior and posterior 
notal processes {anp and pnp). It does not show any actual division into a scutum, 
scutellum or post-scutellum and it appears to have a median and two lateral lobes 
specially if seen from the ventral side. It is due to the anterior and posterior mar- 
ginal phragmata being joined together by an intermediate apodemal ridge (iar.) on 
either side of the middle portion. 

The meiapleuron pleuron (PL IV, Fig. 2) commences from the wing base 
and runs obliquely downwards and backwards, to the base of the hind leg and 
extends to the ventral region. It does not show any division into an epimeron and 
episternum, but consists of two plates one upper and the other lower {upmp and 
Ipmp), The dorsal end of the upper sclerite forms the base of the posterior wing, 
while the ventral tapers downwards and runs along the suture in between the pro- 
podeum and mesopleuron (PL II, Fig. 1). The lower plate (Lpmp) is broad and 
its posterior margin is fused with that of the propodeum. It extends to the ventral 
side and meets its fellow of the opposite side to form a mid-ventral suture. This can 
easily be mistaken for the left half of the metasternum. From the anterior portion 
of this suture there hangs a thin chitinous ridge (PL III, Fig. 7) vertically down- 
wards which divides the right and left coxal cavities of the middle pair of legs. 
The ventro-posterior margin of the lower plate forms the precoxal bridge of the 
hind pair of legs in combination with the apophysis of the metasternum. In 
between the pleuron and the tergum of the metathorax, the second spiracle is 
situated just at the base of the hind pair of wings in the intersegmental membrane. 

The meso-sternal intercoxal ridge gradually disappears near about the middle 
of the mid-ventral suture. Just here a thin inconspicuous line appears, which on 
the posterior side terminates in a small median shield-shaped plate between bases 
of the middle and the hind legs (PL III, Figs. 8, x 3.) The metasternum can be 
easily seen in between the coxal cavities after removing the hind pair of legs. It 
forms the inner border of the coxal cavities . This plate has taken more or less a 
vertical position and only a little portion of the posterior margin can be seen in 
the ventral view. 

Furca — In every thoracic segment the sternum is provided with a large chitin- 
ous internal structure — the furca. The furcae of the prothorax and the mesothorax 
are very complicated while that of the metathorax is comparatively simple. The 
furcae of the mesothorax and metathorax lie very close to each other and conse- 
quently the mesothoracic furca is placed at the posterior and the methoracic at the 
anterior end of their respective segments. They are fused together at their bases. 

The prothoracic furca (PL III, Figs. 7, PF) is an acutely triangular plate in the 
middle of the prothoracic space. It is attached to the sternum by an apex and a 
ridge which runs along the middle of the sterna. The other two apices of the 
triangle support two dorso-laterally concave broad plates (PL) through the middle 
of which run the apophyses connecting the whole structure to the pleuro-sternum. 
These apodemal apophyses fuse with the sternum on the ventral side. The furca 
provides attachment to various muscles of this region. 

The meso-furca (PL III, Fig. 8 MTF and PL II, Fig. 7 Mtf) which lies in the 
posterior part of the mesothorax, is supported on a high crest rising vertically upwards 
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PLATE IV 


Fig. 1. Inner view of the metatergum. 

Fig. •• 2. Lateral view of ihe metapleuron. 

Fig. 3. Inner view of the metapleuron showing the 
metafurca in Silu alter removing metater- 
gum and propodeum. 


Fig. 4. Ventral view of the meso and meta-thorax 
showing sternum of the two £Cgmcnts in 
between the pleura. 

Fig* 5, A dorsal view of the propodiurrj* 




and running along the middle line. This ridge (PL III, Fig. 8, 4) gradually in- 

creases in size posteriorly and is continued into another ridge (a; 5) under the meta- 
sternum. The above mentioned ridge in the mesoternum runs towards the anterior 
side to some length, then bifurcates and continues laterally into the antecostal 
phragmata. The forked ridge at its posterior end is bridged over by two broad 
subquadrate plates (PL III, Fig. 8 and PL II, Fig. 7, 6) meeting together by a 

narrow connection mesially, and enclosing a circular space. An apodemal phragma 
runs dorsoventrally on either side of the subquadrate plates commencing from the 
ventral tip of the ridge laterad to meet the pleurites. This ridge is continued 
in the form of a ‘U’ into another shield shaped plate (PL III, Fig. 8 and 
and PL IV, Fig. 3, jv 7) at the anterior end of the metathorax forming the furca of 
the metasternum. It differs from that of the bee in view of the fact that the arms 
of the furcae do not fuse except at the extreme ventral tip. The independent 
nature of each of the furca is consequently retained, but the location of the meso. 
furca in the posterior region of the mesothorax and of the metafurca in the anterior 
region of the metathorax places wasps in an important position in between the 
transitional and more simplified insects. This, together with other characters, throw 
flood of light on the evolution of Hymenoptera. 

Besides, the shield- shaped plate {x 1) already described, the meta- 
formed of the metasternum bifurcating into two arms at the anterior end. These 
arms (PL IV, Fig. 3, aMts.) run outwards and dorsad and continue into the 
phragma round the anterior meta-thoracic margin. 

The first abdominal segment is very highly modified and its tergite is called the 
propodeum (PL II, Fig, 1, PPd) which is a convex conical plate, sloping steeply 
posterad, with a deep longitudinal dark furrow mid-dorsaily, from which nearly 
twentyfour transverse ridges (PL IV, Fig. 5 Str.) run on either side laterad. On the 
posterior end of the propodeum there are two processes one on each side of the 
longitudinal furrow lying close to each other forming a deep notch (np) between 
them through which important abdominal muscle-tendons pass into the thorax 
giving an additional hold fast to the abdomen. Postero-laterally the propodeum 
has broadly triangular emarginate flaps {Ftp ) one on each side, curving below 
ventrad. They extend nearly to the mid ventral line articulating the narrow anterior 
end of the second abdominal tergite in betweeen. The sternite (PL VI, Fig, 1, 
of the first abdominal segment is reduced to a very narrow and minute chitinous 
plate fused with the tergite of the second segment at the antero-lateral angle and 
also more or less with the anterior margin of the anterior petiolar process of the 
second sternite. In nature it is hidden by the posterior lobes of the propodeum. 

Sclerites of the legs, — 'Thtcoxa (PL V. Fig. 1.) is at runcate cone with the proximal 
margin girdled by a submarginal basicoxal suture {Be Su.) forming an internal ridge and 
cutting off a proximal basicoxite for the attachment of the remoter and the promotor 
muscles. Dorsally the basicoxite is enlarged otherwise it is narrow all round. The 
coxa is slightly less than twice as long as broad and about half as much as the 
femur. The proximal end is one and a half times broader than the distal. It is 
articulated to the body by means of two articular condyles L^., an outer, which 
works against the pleuron and an inner against the sternum laterad. The external 
condyle is a prominent convexity over the marginal apodeme, while the inner, 
comparatively smaller, is a bit removed to the inner lobe of the basicoxite although 
lying quite adjacent to the major lobe. The coxal joint of the foreleg appears to 
be more or less monocondylic as the second inner condyle is very feebly developed. 
The coxa can, therefore, move in the anterior and posterior directions only. The 
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Ventral view of the middle coxa* 

Dorsal view of the middle trochanter* 

Ventral view of the distal end of the tibial 
cavity after removing spurs. 

Inner view of the distal end of the coxal cavity. 
Ventral view of femur. 

Inner view of tibia. 

The strigilis or antenna-cleaner on the proleg. 


Fig. 8. 
Fig. 9. 
Fig. 10, 
Fig. 11. 

Fig. 12. 


Inner view of the distal end of the tarsal cavity. 
Toilet appaiatus on the hind legs. 

Inner view of the proximal end of a tarsal cavity. 
Ventral view o( the Prclarsus with adjoining 
appendages, ” 

Dorsal view of the pretarsus witli ad ioining 
appendages, ® 


distal end of the coxa bears two closely adjoining processes, on the anterior and 
posterior margins. Adjacent to these processes, are facets (PL V, Fig. 4, Z 8) pro- 
jecting into the trochanterocoxal cavity for the articulation with the trochanter. 
In the coxa of the foreleg there is a very prominent outwardly directed process 
on the ventral side of the distal end. There is also a deep notch in the outer 
distal margin of the coxa to allow a greater play to the trochanter. 

The Trochanter (PL V, Fig. 2.) is small, three times as longas broad, subconical; 
dorsal margin obtuse and shorter, the ventral proximal end slightly broadened into 
a dorsal round process and two sharp lateral ones, under each one of which there 
is a notch for the muscle attachments. The joint allows the movement of the leg 
up and down only as the hinge is horizontal. The distal end forms a more or less 
flexed joint to the base of the femur, and is slightly carinate on the ventral side. 
The trochanter of the foreleg has only one stout process directed anteriorly inwards 
at the proximal end. On the distal margin there are two factes within the tro- 
chanteral cavity very prominent in the middle and hind legs, one at the dorsal and 
the other at the antero-lateral margin. 

Femur (PL V, Fig. 5.) is long, stout, a little less than twice the length of the 
coxa, five times longer than broad, and tapering at both the ends. The femur of 
the foreleg is somewhat curved ventrad, and is the shortest ; the hind femur longest. 
The middle one is as much longer than the femur of the foreleg as it is shorter 
than that of the hind one. The proximal end of the femur has two facets for 
articulation with the distal end of the trochanter ; it also has two processes {x 9) 
directed into the femoral cavity. They originate laterally on the distal margin 
affording a horizontal joint. The ventral margin of the distal end has a deep 
notch for allowing greater freedom of movement for the rest of the leg in a vertical 
plane. 

Tibia (Fig. 6.) — is a long slender conical segment of the leg nearly as long as 
the femur, six times longer than its greatest width, tapering proximally, with the 
ventral surface, more or less flat. At the proximal end there are two sharp lateral 
processes and a round dorsal process similar to those found in the trochanter. The 
distal end has an oblique apodemal ridge and a round process {x 10 ) directed into 
the tibio-tarsal cavity for the articulation of the tarsi. Tne margins are notched 
anteriorly aud posteriorly for free-movement of the tarsi. Besides being clothed by 
fine pubescence, it has a frill of long setae all along the inner ventral line but the 
tibia of the hind leg has a small tuft of very long dark brown setae at the proximal 
end and a bigger tuft at the distal end. 

Strigilis — (toilet apparatus for cleaning antennae) is provided in the tibia of the 
foreleg as a long slightly inwardly curved spur at its inner distal margin (Fig. 7 ). 
It has a transparent ch itinous comb with fine setae at the free margin and a tuft of 
long fine brown setae at the tip of the spur. The portion of the tarsus lying against 
the spur has an oval concave facet-like apodemal ridge with setae growing thickly 
over its broad inner margin. The antennae are passed through between the spur and 
the tibial facet, whose anterior border further has a sharp carina, which cleans them 
with the help of the setae on its border and the spur. The head and prothorax are 
also brushed by the frill of setae on the inner margin. In order to clean the legs they 
are also rubbed against each other. The toilet apparatus over the hind legs (PL V, 
Fig. 9) is formed by the spurs found on the inner ventral side of the tibia. One of 
them is longer, slightly bent inwards and provided with setae on the inner margin. 
The slightly concave surface of the tarsus lying just opposite to it has specially 
long setae along the inner margin. Wings and legs are passed through the axil 
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PLATE VI 

Inner lateral view of the second and third Fig. 

abdominal segments. 

Inner view of the third abdominal tergum. 

Inner view of the telson of the female wasp. 

Inner view of the third abdominal sternum, 
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FIG. 5 


Dorso-latcral view oftlic ciglith abdominal 
tergum sliowing its rccluci ioo dorsally and 
the lateral portions of the sclerite forming 
the spiracular platcsi 



between the spur and the tarsi and cleaned by the setae which serve as a brush. 
The fringe of setae ail along the inner margin of the tibia and tarsi also brushes 
the abdomen, thorax, upper surface of the wings and the legs. The spurs on the 
middle legs are not supplied with setae but the tarsi and tibia have the frill of setae 
or the inner margin but no tufts on the proximal or distal ends. They partly help 
in the toilet of the abdomen and the wings. 

Tarsus of the leg is subdivided into five tarsc meres jointed movably to each 
other. The basitarsus is a long, slender, cylindrical structure slightly tapering proxi- 
mally and buldging distally, slightly shorter than the femur, nearly nine times as 
long as broad. The hind basi-tarsus has a fringe of long setae along the inner ven- 
tral line from the proximal to the distal ends forming a part of the toilet apparatus. 
The whole surface is covered by fine setae with scattered stout erect spines. The 
proximal end of the basitarsus is provided with a process and an oblique ridge in its 
cavity (Fig. 8. ) where its main muscles are inserted. Its distal end has facets for 
articulation with the other tarsi. The distal margin is deeply notched dorsally and 
ventrally to allow greater movement to the adjacent tarsi but in a horizontal plane 
only. The lateral margins are supplied with a row of five to eight long stout peg- 
like bristles just guarding the tarsal cavity. The following four tarsi are gradually 
reduced in size and have a tendency to be depressed distally and tapering into a 
round apex proximally, slightly convex dorsally and concave- ventrad. The lateral 
margins of the distal ends are produced forward to form a notch on the dorsal and 
on the ventral sides. They are provided with six to eight hard bristles. The pre- 
tarsus, although similar in shape as the preceding parts, is comparatively a little 
longer, nearly one and a half times as long and twice as broad. It bears a pair of 
highly chitinised dark brown, ventrally curved movable claws (Fig. 11 and 12, cL ) 
atached to the distal end of the pretarsus by means of two knob-like condyles pro- 
jecting into the articulating pretarsal cavity from its dorsal plate. Each claw is 
provided with a long ventral setae. On the lateral side of the distal margin of the 
pretarsus there is a pair of stout setae projecting over the articulating joint. The 
pre tarsus is ventrally connected to a small plate — the unguitractor plaie (PI, V, 
Fig. 11, Uni,p, — Snodgrass) by means of a membrane. At the proximal end of this 
plate is inserted the long apophysis which originates in the trochanter and passes 
through the femur, tibia and tarsi. This plate is continued into a median 
thick lobe, the arolium (PL V, Fig. 12, ar, ) lodged between the two claws. The dor- 
sal surface is covered over by a dark chitinous membrane and is provided with a 
large number of minute lamellae, which, while the insect walks, create partial 
vacuum and thus enable it to cling to any smooth surface. In a transverse section 
of the arolium, large vacant spaces appear under the chitinous layer. These gaps 
help in providing vacuum, necessary for clinging. The arolium appears to be a 
thick pad as if folded twice over on the distal side and it partially opens owing to 
the pressure it receives due to the weight of the body. Just proximal to the arolium, 
there is a chitinous bar {cb. ) raised vertically on the dorsal side. At its upper end 
it has two long stout setae projecting distally over the folded arolium. The claws, 
chitinous plate, and the other adjacent parts are sparsely clothed with fine setae. 

The Abdomen . — The tergites curve round laterally reaching almost to the ventral 
side, thus occupying nearly three- fourth of the abdominal diameter, the rest is 
covered over by the sternites. Although the abdomen actually consists of eight 
tergites and sternites in the male and seven in the female excluding the propodeum, 
yet only seven tergites, and sternites arc visible in the male and six in the female ; 
the rest have been telescoped and concealed within the posterior terminal scleritcs. 
The posterior margin of each tergitc overlaps the anterior of the following and also 
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the lateral margin of the corresponding sternite. Similarly the posterior margin of 
each sternite also overlaps the antericr of the following. 

The first tergite has already been discussed in connection with the thorax, to 
which it has closely, associated itself as propodeum. The corresponding sternite 
described already, forms the anterior ventral margin of the petiole. 


The second tergite or the first apparent one is nearly one fourth of the whole 
abdominal length and is about as long as broad posteriorly. It is a sub-triangular 
dome-shaped plate (Pi. VI, Fig. 1.) with its apex prolonged anteriorly, forming a 
narrow tube, the petiole (p.) behind which it is abruptly convex. Vcntrally on 
either side, the tergite is strongly retracted cephalad. There is a prominent crest 
(;>(: 12) running longitudinally along the dorsal surface of the petiole. The crest is 
higher at the anterior end. The anterior margin of the petiole is highly chitinised 
and slightly prolonged mesially and also latero-ventrally into two irregular lobes at 
the bases of which there is a notch on each side. The tendons of muscles pass 
through these notches. The posterior margin is also convex mesially. The sternite 
is more or less a fiat subtriangular plate with the apex produced anteriorly into a 
trumpet-shaped process forming the floor of the petiole. Its anterior margin is 
rounded and the posterior straight. The anterior lobe of the sternite is immovably 
fused with the corresponding tergite in the petiolar region but the main body of the 
sternite is free and the tergite overlaps its edges. A curved sharp angle exists in 
between the broad main and petiolar lobe of the sternite, and the surface of the 
former is slightly pleated transversely. The posterior margin is strongly ribbed 
transversely more or less fused with the anterior antecosta of the third sternite 
which is sharply bent ventrad. Internally the second tergite, just at the constricted 
anterior part, has a transverse heavily chitinised rod with two short anterior 
processes directed forwards for a very short distance along the roof of the petiole. 
(PL VI, Fig. Ij A' 13.). To this rod in between the processes is attached the thick 
tendon of tile muscle which passes through the two median posterior processes of 
the propodeum. The inner surface of the tergum has an apod erne (apd.) ninninif 
transversely up to the base of the petiole. g 

aMominal segment apparently the second, is the longest and 
broadest of all. Its tergum covers slightly more than one fourth of the whole length 

^ highly chitinised antecostal apodmnal ridge 
(apd 1). There is besides, another more conspicuous broader apodemal ridge (apd 2 ) 
posteriorly, parallel to the first, and meeting it laterally. Tins alfords aUachnicilt 
to lateral mtersegmental muscles. The posterior mL-gin cwerlaps Ihc arito 
the next and its own anterior margin is telescoped under ihe second abdorniml 
tergite. An apodemal ridge {apd 3) runs transversely parallel to thVposterior 
margin but this ridge is thrown into a loop on either lateral side and t l ese^Tct S 
important places for muscle attachment. To this apodemal line whh loom t 

attached the mtersegmental membrane connectin'" — • . . . ^ ’ 


one. The third sternite is 


g this sternite to the next posterior 


out three fourth the length of the tergite, compara 
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third onwards in the male, is increasingly concave until the sixth is distinctly 
truncate in the middle. All the sclerites, dorsal or ventral have a narrow and a 
broad apodeme running parallel with lateral triangular processes (Pi* VI, Fig. 2 and 
4, Lip*) at the anterior margin and a looped apodeme at the posterior third, the 
later being absent in the terminal sclerites. 

The telson in male i*e. the tergite of the 8th abdominal segment is a triangular 
plate rounded at the posterior apex (PI. Ill, Fig. 2). Anteriorly it has a thick 
chitinous antecostal ridge {act) with the usual antero-lateral triangular processes. 
The sternite corresponding to this segment is also triangular but has two claspers 
(PL III, Fig. 1. Clsp,) arising postero-laterally. In the mid-ventral line of this 
sclerite there is a forwardly directed chitinous spine {Apr) which is prolonged 
forward into a stout process. The apodemal ridge where the intersegmental 
membrane from a posterior segment attaches itself, is absent. The lateral margins 
are continued into long fiap-like processes and these may be easily mistaken for the 
vestigeals of the next tergites but since they afford insertion to the muscles originat- 
ing from the telson, these should be considered as the processes of the sternite, which 
corresponds to the telson i.e* the eighth sternite. 

In the females also, the telson i,e* the tergite of the seventh segment apparently 
of the sixth, (PL VI, Fig. 3.) is triangular but the posterior end, is relatively sharper. 
The same is true of the sternite but it is not as far prolonged as the telson and is 
left a little behind. It is provided with a tuft of long setae ventrally a little behind 
the anterior antecosta. The eighth tergite of the female is completely hidden 
under the telson. It is reduced to broad subtriangular flaps, one on either side. 
These are called spiracular plates, and are interconnected antero-dorsally by a narrow 
chitinous band, which has an apodemal apophysis anteriorly (PL VI, Fig. 5). The 
eighth sternite is a quadrate plate on either side, interconnected with each other, 
nearly three fourth of which is covered over by a spiracular plate of the tergite 
and in turn covers partly the ninth sternite. It is ventrally produced into the 
characteristic sheath of the stylets. The remaining sclerites form part of the external 
genital apparatus. 
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